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THE HEAET MUSCLE IN TYPHOID EEVEE 
LOUIS HM'IMAN, 3M D , 

BA.L,TIMORC 

INTRODDGTIOjST 

Some jeais ago^ folloAving a suggestion made by Di W S Thayer^ I 
imdeitook to study tbe condition of the lieait muscle of patients who had 
died of typhoid fevei in the Johns Hopkins Hospital It has long been 
a custom in the pathological depaitment to save poitions of the oigaiis 
fiom all autopsies Such poitions have been haidened in Mullei’s or 
Zenkei’s fluid and preseived m alcohol With the consent of Dr Welch 
this mateiial vas placed at my disposal Eiom the autopsy lecoids I 
selected foi study fifty consecutive cases of death duimg typhoid fever 
In seven instances no heart muscle had been pieserved, so that the 
numbei to be studied was reduced to foity-thiee The poition of the 
heait muscle found consisted of one oi moie stiips fiom the left ven- 
tiicle Erom vaiious poitions of these stiips^ small blocks weie cut and 
imbedded in celloidm oi paraffin The sections weie for the most pait 
stained in liematoxilin and eosiii, altliough caimin and A^an Gieson’s 
stam weie also used The numbei of blocks to a given case vaiied fiom 
two to ten In all, sections fiom 197 blocks veie studied The clinical 
features of each case were ascei tamed from the medical recoids, which 
aie unusually full The general autopsy findings were readih available 
in the fasciculi of the pathological department 

I have realized fiom the beginning how incomplete the conclusions 
based on such fiagmentaiy evidence must be Eiom small bits of the left 
lentiiclc one is not justified in diavmg conclusions about the heart as a 
whole If a lesion is present it may be isolated, if it is absent it may 
exist in othei parts of the heart Only some method such as Krehfis,^ 
in vhicli the whole oigan is cut into small blocks and sections from each 
studied, can be consideied thoiough It is notewoitlij, hove^er, that 
in cases in which a lesion of any extent and particularly an interstitial 
lesion was found, it vas present in all of the slides from that particular 
case and in cases in vliicli no marked changes existed, none of the slides 
haic shown them It i« quite tiue that some poitions of the heart 
muscle show lesions moic extensiieh than others and the lanation in 
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this lespect ma} intiodiice a seiioiis enoi of ]iidginent The ^^olk, hoM- 
e^ei IS piesentcd with this deficiency eleaily in mind I ineiely hope 
that in a geneial nay it may emphasize an impoitant lesion of typhoid 
fevei and show its relation to equally impoitant and inteiesting clinical 
s} mptoms 

IIISTOUIC IL REVIEW 

The condition of the heait in typhoid fevei was fiist commented on 
111 the eaih pait of the last centmy and studied with eaie twenty and 
tliiit} yeais ago At that time it attiacted eonsideiable inteiest and 
lecened its fan sliaie of literaiy attention Its impoitance was fully 
leali/cd and little has lieeii added to what was then wiitten about it With 
the lathei geneial abandonment of morphological im estigation due to 
the exhaustion oi the possibilities of existing methods, tins field has lost 
its attraction In the literatuie of the past ten ■\eais seaiceh an aiticle 
of importance has appealed and one will seaich the Index ^Icdicns foi 
the past file yeais in laiii Laennec- and aftei him Loins" speak of the 
softness of the heait muscle in typhoid fevei and of the yellowish mottled 
coloiing — the dead-leaf appeal ance Loins compaied it to a wet cloth 

which will letam any foim into winch it may be piesscd lie makes 
these lesions the explanation of ceitain changes obsened m the pulse, an 
association alieady guessed at In Laennec Stokes^ in Ins book on the 
heait, published in 1854 gi\e« a much fullei desciiption of the changes 
than Louis did and points thou i elation to clinical symptoms with moie 
pieci^ion Yiichow,“ in 1852 ga\e an accuiate dcsciipiion of the micio- 
si epical libci changes which he considciecl nillaunnatoiy and Ins mows 
wcie claboialed b\ Bottchci ° Tlie fust extensne and complete consid- 
ciation of the subicet is by Ilaccni' in ISGb In a studi of foui cases 
ef tepboul fcioi willi sudden do.itli he decciibcs in detail the fiber lesions 
and foi the tiist tunc dnw^- attention to tlie inteistitial cliaiiiies which 
in '■uli'Ctpn m ( nnti ilnition^ a='nnic so much impoitancc lie ]ai= gieat 
t iiqdi I'-i- too on thangi- in tlu* colon, n\ aiteiica notabh a wide-spicad 
* I’dai tt 1 1 ( 1 “ of till' >-nnl! m*"( 1- wliuli lie coiwidei- the duett c. 111=0 of 
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death His obseivations \\^eie pieceded by the notable eontiibntion of 
Zenkei® on the lesions of the voluntary muscles in typhoid fevei Zenkei 
had noted m one of his cases extensive gianulai degeneiation of the heart 
muscle Follmving Haiein’s papei theie appealed a large numbei of 
publications on sudden death in typhoid fevei and the concomitant lieait 
changes A clinical type was set up, described as the “foinie cardiaqiie 
de la fievie typhoide ” The most notable contributions aie from Hayem,*^ 
Huchaidd® Landouzy and Snedey/^ De^enne^- and Willaume In Gei- 
many the studies of Biieh-Hirschfeld^'‘ and Leyden^" on diphtheiia myo- 
carditis extended the knowledge of mteistitial lesions In 1891 Ernst 
Eomberg^® published a most complete leview of heart changes in typhoid 
fevei, scarlet fevei and diphtheiia In a caieful study of 11 heaits fiom 
patients dying of t 3 phoid fevei he noted gianulai degeneiation marked 
in 3 and model ate m 7, fatty degeneration maiked m 3, moderate in 
4 and absent in 5 , hyalm degeneration slight in 3 and absent in 9 Seg- 
mentation ivas common Many fibers showed vacuolar degeneration 
and, on cross-section, inciease in the sarcoplasm Hucleai changes were 
maiked but not as extensive as in diphtheiia Interstitial infiltration he 
found maiked in 3 instances, moderate in 3, slight in 1 and absent in 5 
In a very suggestive nay he brings these lesions into relation with the 
ciiculatoiy symptoms observed during life Ficot^' has substantiated 
Romberg’s findings and nothing of importance has been added to the 
subject since then 

8 Zenkci Uebei die Vei uidei ungen dei uillkuihclieii !Muskeln im Typhus 
abdonimalis, Lcipsic, 1864 

0 irnyom Des iiiaiufe&iations cardiaques de la fievie typhoide, Progits 
Hied , 1875, Quoted b^ Roiiaut Cong fraii^ de med , 1809, ii 1 

10 Huchaid Etude entiqiie &ui la pathogenie de la uiort suhite dans la 
fiC'Mc tAphoide Union nied , 1877 Quoted by Eenaut Cong franc de med 
1800 

11 Laiidou/i and Siicdcs Etudes sui les localisations angio caidiaques 
Uphouhqnes leuis consequences iiiinicdiates, piochaines et Cloigiiees Rev de 
niCd 1887, Mi 804 

12 DCjeiiiio Sui les alteiatioiis dii injocaide coninie cause de iiioit subite 
dins K fiC\ic Uphoidc &oc de biol Decembei, 1885 Quoted by Renaut 

13 Willamnc De K forme cauliaquc de la ficMc typhoide, These de Nancy 
1887 

14 Riich lliisphfeld Quoted hi Romheig, Deutsch Aich f kliii iiied , 1801 

xImii 369 ’ 

15 Lo\dou Uehoi die Ilei/affectioneii bci ilei Riptheiie Zlschi f khn Xled 
1882 n 334 

16 Romheig Uehn die Eikiankimgcn des Hei7muskels bm T\pbus abdomi- 
luhs ScbaiUoli wild Biphtbeiie Deutscb Aich f khn Med 1891 \1 mii 369 

17 Picot ‘Seniiine iiiCsl 1804 \u 57 
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XIIE ANATOMICAL LESIONS OL TIIL HEART MUSCLE IN TYPHOID mT R 

It IS difficult to make au} detailed classification of the gioss cardiac 
lesions de'^ciibcd in tlie pathological lecoids, but coitain almost constant 
findings stand out pioininenth The eflects of gianular and fatty deiren- 
ciation aie pnriiculail} staking In neaili all mstanees tlie muscle is 
described as palei than iioimal and soft in consistenc-^ In one instance 
the note is made that the lentiicle nails ictain the impiession of the 
fingers iiheieiei thei aie piessed, in anothei, that the heait collapses 
oiei the hand The coloi is lariously deseiibed as biowiiish-ied^ hght 
bioiin, etc . but giai and lelloii piedominate In appeal ance it is neaih 
al\ia}s dcsciibcd as opaque or cloudy oi as slioiiing the mottling chaiac- 
teiistic of fatti dcgonciation Small hemoiihagcs aio fiequently noted 


t ^ / 


' 't ' I </ 

' ' '•'' r . 

- ■ ^ fO' . c‘ . . 

■ - - A ' , 

■,/i ", «-? I-' ' '■ ■' ,->■ 

' t c ^ ^ 

^ C' ^ /i / i . ^ ^ f 

j- ^ J ‘••’♦/V ^ 

'k ’ 'c 


' M 


Fig 1- — Senes 0 iniikcd degenoi at ion nml ilroj)!)} of muscle fibers 


and in a fen instances giaiish or iclloiiish aicas chaiacteiistic of foci of 
interstitial infiltiatioii oi complete fiber degeneiation In onl} seicn 
instances is the muscle described as fiim and little alteied in appearance 
Fiesh 'icleiosis of the aoita and coronal les nas noted eight times and a= 
all but one of the'O ob'enations iiere made at lecent autopsies it i= 
pio\iab\c that the lesion has oceuTTcd moTe coniiiionU than described 
For dc=criptiic puipo=c=: it conicnient to diiidc the histological 
(haiigc= into filioi le=ion‘- intei=titial le«ion= and lascular Io'ion= 

The iiiO't cmniinon changes tliat one finely in the mu=rlc fiber= of the 
hcirt in acute int(Ttiou« di'-ea^C' nanieli granular and fatti degciicn- 
tion arc not ion ciidcnf in the section^ studied 1 lie liaifloning and 
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jieseivation of the tissue would; of course; remove any fat that may have 
leen pieseut and obscuie the albuminous gianules Such pictmes of 
gianulai degeneiation as one sees in fiesli specimens have nevei been 
encouuteied Still; manj of the fibeis show a well-marked granulai 
appeal ance It is the gianular degeneration that makes the striation 
appeal indistinct in many fibeis In only one instance were fibers seen 
that seemed to ha\e undeigone hyaline degeneration; and these en masse 
in a single aiea Amyloid degeneration was not observed 



^ “ Senes 0, degeiieiuled imiscle fibeis laige vacuoles 


Iilain ol tile fibeis show a distinct loss of stiiation although marked 
aheiatioii'; veic noted in onlj^ foui instances The tiansveise bands aio 
aflcctod nioie ficqucntly than the longitudinal At times laige lacuole'^ 
iiic noied m ihe fibeis often tiaieisod bi indistinct stum Occasionalh 
•1 whole fihei i? dogeiiciated and filled with these iiregailai lacuoles 
In one instance tlicic seems to be a wide-spread atiopln of tlie muscle 
a lo'-ion to which Diago^® paiticulaili has called attention The 

1 111 luo Tleiii igo /in lli«tou itbolojiie dos T% nlui'^ber/’ens Bcitr 7 path 

'"'it ?n ilha ^^2 
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muscle bundles aie uideh^ sepaialed and between the sbi unken individual 
fibers aie laige inteispaces filled with a coagulated seious fluid studded 
with a few connective tissue cells and a few leueocAtes Vacant spaces 
show where fibeis have completel}' disappeaied (Fig 1) 

On cross-section changes aie often still moie eiudent The fibiil 
bundles aie small and videly sepaiated Then numbei is ficquenth 
decreased and a large aiea of the heait muscle ma} be composed of fibeis 
vith onlj a peiipheial zone of fibiil bundles someivliat lesembliiig, undei 



I’ljr — Seru'*? ‘I Iiifii \csicuhir nutlei From pliotomicrognph In Dr C 

\A iiit< r7iit? 

the Ion pnwei adipo-e tissue Vacuoliz.ition i< paiticularh well «oen in 
-oiiie iii=tiiue-' ( I nr 2 ) Krclil ‘Jiurge^tod that these \at.uoles nerc spaces 
fioin winch fit liacl been dnsohod Tlicie is howe\oi nothinc to siip- 
]Hirt ^uch a mow and it Ins licen discarded 

rrmiucntaiion i- one of the connnoncst of the Ic-ions It w t= pre-ent 
in twent\-lne in-t nice- ind e\ieii=ne in elcAon It \arir« from an 
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unusual distinctness of the “cement lines” to complete sepaiation of tlie 
libel s, often uitli dislocation 

The most constant of all the fiber lesions aie changes in the nuclei 
Not a single specimen but shous them to some degiee, and in thiit}-tuo 
instances they ueie nell maiked The peimiicleai spaces aie enlaiged 
and theie is an accumulation of pigment gianules at the poles Fie- 
quently two nuclei he side by side and occasionally in such a mannei as 
to suggest division The nuclei themselves shou most far-i caching 
changes They are swollen, often to foui oi five times then usual dimen- 
sion, are 5esiculai and filled with a few iiiegulai stiand« of chiomatin 
Many look like empty pouches and others show the most nrcgulai and 
bizaiie outlines (Fig 3) 

The inteistitial changes have particularly attracted iua attention 
Well-maiked inteistitial edema was noted in eight cases and extensue 
hemoirhages in six In aliout one-half of the cases theie is a noticeable 
inciease in the cells in the inteistitial tissue These consist of scatteied 
small mononucleai cells and some laige mononucleais and an occasional 
polymoiphonucleai The cells ai e giouped piincipally about the blood-5 es- 
‘5els Of more impoitance ai e the focal accumulations of cells hi st desci ibed 
oy Ha5em and latei emphasized by Eombeig These foci may as Fib- 
beit-° claims be divided into tuo types The foci of the first tvpe copcist 
almost cntiielv of small lound cells and lesemble hmphoid nodule® 
Ribbert, indeed believes that thev lepiesent Inpeitiophv of normal hm- 
phoid stiuctures They aie found piincipally undei the epicardium and 
occasionalh undei the endocaidium In some ca®es the) form an almo=t 
continuous band under the epicaidmm vith heie and there nodular 
fulaigement® jNloie commonly they aie small gioups of cells ivhicli shov 
little tendenci to dip dovn between the muscle bundles, although in the 
papillan muscles limited invasion is sometimes seen Exceptionalh 
similai nodules occui in the connectne tissue spaces betuoen the mu=cle 
bundles 

The second hpe of cellulai accumulation is moie intense and exten- 
sne In difleient specimens the kind of cell and the iplatne propoition 

10 Ko\\cr nintomicTl ‘!liuhe« InAC dcinon'^lntod tint the enrdne inmciiHture 
1 *; a. ‘;^nc^tnl tn«uc and not diMdcd into distinct 0011=5 The oeinont l]no=5 
vliioh More forinorh repardod 1= marking the outlines of the ooll and being the 
point of contaot of adioining oells are areas of irregular oontraction Thet ha\t 
the same signifioanee as fr iginontation See AschofT and lattart Die houtige 
Lehio ^on deni jnthologiseh inaioinisohcn Gruiullagm dor llcr/schn lohf Tom 
lOOl. 

2(T Tvihhcit Uehor XD oc irdt rkrankuiiaon nach Diphthcrie Mitt i <1 
Grenrgoh d Afed u Chir 1000 t 1 
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of the different cells varj' j\Iost commonly the small round cell predom- 
inates with a libeial interspeising of large mononuclear cells and some 
poymorphonucleais All the aieas contain, too, ceitain laige endothe- 



I irr } — '^uio- 2“ iti -irci oi irifiUrition consi^liii" ciitiroU oj Inr^rt 

ii 11- w itli m il < ctt nti It mu It I 


lioii] (<!1- nilh roiiiul or ov il eccontru.ilh placed mulei V leu of t)ie-t 
cills Ind at led i- idnirneMi s In one matinee t'io\ ucre ihe pn doinnint- 
unr iiulitd lii’io-i the onh t\j»o of cell pie=cnt fl lu H In nnotlur 
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infetance there is an astonishingly laige nninbei of eosinophils (Fig 5) 
These cell accumulations aiise frequently beneath the epicaidium or endo- 
cardium and dip deeply down into the muscle running iiregulail}^ between 
the bundles and along the course of the blood-vessels (Figs 6 to 10) 
Others occur as foci within the muscle itself vhen then relation to the 
blood-vessels is particulaily sti iking In neaily all instances the} aiisc 



Pig S — Senc« 51 the luge minibu ol cusinophils is nolov\oit!\N 


in the conncctue tissue bands about a mednim-=i7cd ^e5=el and from tbi- 
ba=o picico inogulaih betveon the niiwcle hundle= and ^ 

looked paiiiculaih to nsceriain the lelaiinu of ihc=e hand-' of fdlnhr 
infdtiation to degtneiaiion of the inu=cle K-lh I maa <on 
that thea aie not hunted to aiet" wheio the lihn tlniiec? are 
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mg, and, indeed, seem to bear no definite i elation to the fibei lesions 
The papillai} innscles aie a favorite site foi tliese interstitial ehana:es, 
although as a rule they aie not most extensive theie Such inteistitial 
cellulai accumulations uere obseiied m t\vent 3 -nine cases and in fifteen 
they ueie lather intense and extensive In many sections shoving the 
piesencc of old chronic fibioid lesions tliese aieas aie the seat too of an 
acute inflammatori'’ leaction The bundles of degenoiated fibers and the 
fibious tissue itself are suiiounded and infiltiated b}^ leiicocites and led 
blood coipuscles 



1 ,J_, (, — Sciios o, -Iioa of filtr-ition in xml iindei tlie endoc-irdivim xxilli '^omt 
iixxasion bctx'con iini«clc fibcis 'Ilic cells consist of sm ill ‘iml 1 ir^ir liJononiiclcnr- 
x\ith in-xiiN of the lirge ctdl« with ccccntricnlh placed micloi and homopLiimi-, 
cosin «<uiniiifr l>rolopl isni J mm plioloiiiicionrapli In Dr C \\iiittnut/ 

'Iho blood-x cs^els in iiio-=t =eftions aic unusualh fall 11 he tapilhinc' 
si.ind out pionnncnth and aio ontroincd Some of tlic largoi ■vc==cl>- in 
the pencarduim shov an acute pfiiaileritis (Fig 11) In Inc (M'C= 
theie IS a dehniio endartenfi- in the eoronan artvrw' and tin- Ir-ion 
would mulonbtcdl} line hern more fio.picnlh found had iimie ^ution- 
nuhidod portion- of the coronains Nothin" m am win appiouhiiur 
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the extensive endaiteiitis in the small vessels clesciibed by Hayem was 
obseived Occasional!}’' the endothelial cells appeal swollen and tliere is 
a slight acciiniiilation of loiind cells in the media 

THE PATHOGENESIS OF THE HEART XIUSCLE LESIONS 

Eenaiit,-^ following the experimental voik done m his laboiatory bv 
Mollaid and Eegand^-- gives a simple explanation of the sequence of 



Pig 7 — Soi ICS 31 me‘\ of o\tcnsi\e infiltration ninler the cpicardinni TJif-'t 
iie imikod iieis of hcniorrli.i^o 1 he «inill niononuclr ir ctlK predonmnti 
hut tlicio aie in iin laige niononncli ii-' md a few luge ondotholioid cell-- 1 o^iiio 
phils me jnrticnlmh abundant (Specimen fioni ‘■une ca^t i« I ig i ) 1 roni 

lihotonncrograph bA Di M C Wintcinit/ 


21 Keniut Les nuocirduos ai 2 U» « Contr iriiK d< nnil n ] 

22 Alolliid and Pugiud Contribution i 1 < tmh . \p.'rnn. n ih dt - mco 
ciiditO', .^nn de Hast Pastiair IS'H, m 
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events in the niiocardial lesions of acute infectious diseases Although 
the work of Mollaid and Eegaud ivas peifoimed ivith diphtheiia to\in 
the lesions pioduced are so similar to those of typhoid fever that the 
principles established for one might be readil} applicable to the other 
The changes are divided into foui stages 

1 The lesions of attack These are the immediate lesults of the 
action of the toxin Thej’' occur only m the muscle fibeis and may be 
the sole change udien death follows quickl}’' The lesion consists of granii- 



] S — ') in upn of infillrition Iit^innin*; nndci Hit cpitinimin itid 
infiUrilinf: tlic niii'.tk Mtlioinrli tlunc up ii uu =jinll inoiioiiiipk ii cd)-, flioi 
are «nirountk(I k% an nmi'inlli luli /oiu of tell j)rotoj)I i-'in Main lir^c mono 
miclpnr tplK with tp-itnlu mnlei An cpti-ionii pn- ttll Trom pliotoinicro 


■jrapk In Dr M f WinUrnit/ 


111 deucnoi iiion follovcd li' a nmie iimfonii ={iinin!r Mhli co-in ntid 
di-ippeii 111(0 of iin«-^tnalioii On fi.in=\oi'C =c< Dmi iho held- of 
Cohnlioini aic dniiini-hod in =i7e and liter di- ippf ir haMiiy a horno- 
ooneoii- ippoiini.i Ibiie nia\ Im i iriuuiil lupnUtd') \to-i- 
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2 The defense leaction of the heait cells Cohnheiin’s fields become 
still moie obscined and the spaces between the cjlindeis of Le 3 ^dig 
enlarged The fibeis become ^aeuolal and this change is followed by an 
extensile fatty degeneiation There is a niaiked inciease in the amount 
of saicoplasni mIiicIi may exude into the interspace between the cells 
Nucleai changes aie common and segmentation and fiagmeiitation fie- 
quentlj occni 



Fig f) — Series 43, men of e\tensi\e infiltration in n pipilHr\ nui«cle Clnr 
icter of celK nlioiit same as in proMons figuios 1 lom pliotoiniciogiaph bi Dr 
XI C Winteinit/ 

d Liquidation of rlio muscle fibeis Up to thi= tune iherc lias born 
onh an nicioase ot the small mononuclcai colls in the blood-i csseL tbcm- 
'•eho= Theio i- now a iieueial poininii out of lcuko(.\i< ' iiuout i}if thnu 
colls which thon i i]ndh undorao sohuion 
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4 With the disappeaiance of the leukocytes, fibious tissue is loimed 
and months afteiivaid a scar is left as the lesult of the piimaiy damage 
to the muscle fibers 

The damage to the muscle cell is tlien the fiist and the essential 
caidiac lesion of infectious diseases and the inteistitial cliangcs aie 
meiely consequent on this Eenaut leiects an}’^ idea of a piimaiv mtei- 
stitial inflammation He laj's great emphasis on the fact that j\[ollaid 
and Eegaud And that areas of interstitial infiltiation nevei occui befoie 
the twelfth day This fits uell into his vieu" He comments, too, that 
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1 ig 10 — &(Mit>'. ?} in im of infiltiation iiikIci tlie cincanhiini slinwiii'' tlir 
iiiiiil t\po of inliltr itiiijr cell-- 


\ie ne\ci see a puic intci«titia] nnocauliti« mIhIc clian"0« in tlio filiei'- 
alone occur fioqucuth 

The hi‘-lolo<ncal ]nttuTC of the ]ioait~ I lia\e =tudied doc*-' not cupfioit 
thi'= 'iinplo c\planation of Keiniit ^ A'- liomlici'j ha- pointed out ind 

Kiehl"' lia- onipb I'-i/cd tlie aiei- of inti i~tui d infiltiation bon iioilireit 
lehuioii to the fiber lotion*- Tlie\ iie b\ no nu aiH iiio^t maiked wbere 
the fil'd til inac' aic ‘-e^cre't and fretpienth •'iirrouiid heiltbi niii'i le 
tell'- 'i iu'ir intini ite ndition to the hlood-\f "tl- •!' jiidioii^h ffun- 


2". Knhl 1 rl ruikrni.. n .ie- ll<r/iiiu4<U N.aln i_. 1 - ''t U. in l''OI p _'*- 
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mentecl on^ is a much moie stiiking association It seems scaiceh ])ossi- 
ble that then exti avasation could be dnectl}^ due to an atti action offeied 
by the dyng muscle cells 'Jhat thc^ occui latei than the hbei le^io is i« 
no (liiect pioof of then secondaij uatuie 

THE ClllCUL VlOllY SY:XirTOMS OF TYPHOID TYWAl 

In studying the clinical lecoids of my cases only the unusual ciicula- 
toi-^ simptoms haie been selected The changes in late and piessmo 
and the geneial phenomena of failing cii dilation yIiicIi appeal befoie 



Fig 11 — Sci ICC *1 ])enai toi ills of the colon^l^ aitei\ rmin photoiiucro 
grapli In Di 111 C W iiitei iiit/ 


death and aic comnioii to all infections liaio not been legaidcd hat 
1 lune sought foi paiticulaih aie those symptoms nhicli foi d.ns and 
c\on Ycchs lead one to assume the piesence of cauliac damage and to 


24 1 ho cnciilitor\ ‘'Miiptoiiis ot 1 41S cv«os of l\plioi<l ff\<i '■{mlioi] in tiif' 
w lids ol the Jolms llopkiii-- Hospital ln\o heen cirffiilh uiih/Ml h\ Ihay r 
(hi the C ardne iiid Vastulii ( omiilicition-' nid siiqvi, H of 1 \ plioi<! l<\<r l.iil! 
dohiis Hopkins Ho'P ]‘104 \\ 322 
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anticipate a fatal teiinination Sncli ciiculatoiy sjnnptoms aie far less 
pioininent m typhoid fever than in diphtheiia oi scailet fevei Still at 
least in m} fatal cases, they are b}' no means uncommon It may be said 
that in the loutine obsei ration of oiii patients no unusual diagnostic 
finesse has been directed to the condition of the heait and ciiculation 
Of the foity-thiee cases studied the clinical lecoids of two have been 
lost Of the remaining foity-one cases eleven showed prominent circiila- 
toiy svmptoms, twelve less marked but definite ciiculatoiy symptoms and 
eighteen no unusual circulatoiy sjmptoms 

Ifive patients had a pulse-iate unusually rapid and out of all piopoi- 
tion to the temper atuie and general S 3 'mptoms Huchaid begins his book 
on diseases of the heart with the description of a typhoid patient with 
this sjmptom and emphasizes its grave significance The pulse was 
unusuall) slow and iiiegulai in one case In sixteen instances there was 
iiiegulaiity varying from an occasional extiasystole to marked iiregulai- 
ity 111 force and rhythm Two cases iieie noteworthy for lapid changes 
in the quality and rate of the pulse I lay no emphasis on a small, lov- 
tension pulse because these changes are more probably due to abnormali- 
ties in tire lasoinotoi control than to caidiac changes 

In three cases the first sound is desciibed as approaching the second 
in qualit} and the intervals between the tno sounds as of even duiation 
Tvo cases showed marked gallop rhythm and three embirocaidia 
The heart sounds arc described as feeble and muffled in four cases 
The first sound at the apex as unusually feeble twice, as of a miiimuiish 
quality tvice, as of an indefinite quality once and inaikedl} lediiphcated 
tv ice A bloving systolic muimni was heard at the apex in eight cases 
In SIX it vas present on admission, the patients being admitted on tbe 
fifth eleienth, (tvo cases), fourteenth, sixteenth and foity-second day 
of the illness, in tvo of these it ivas absent upon subsequent examination 
In tvo instances the sistolic muiniiii developed ivhile the patients vcie 
under obsei ration The second pulmonic sound vas markedly accen- 
tuated 111 four instances 

One patient had marked dyspnea but at autopsy there vas edema of 
the lungs and pleural efiusion 

These are in the main the sjmptoiiis that are iisuall} described 
Huchaid bus paiticulai emphasis on the ominous significance of 
embirocaidia The tendency of the tvo sounds to approach one anotliei 
in qualitr and of the inteirals to become more nearly equal is the first 
stage of appioachiiig eiiibirocardia The feeble indefinite first sound at 
the apex is the beginning of the derelopment of a systolic muiniui 
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Moie than one of tiiese sjmptonis weie present in many cases and 
indeed in a few the ciieulatoiy symptoms weie so piominent that they 
may well be classed in the ‘^%ime caidiaque” of typhoid fever desciibed 
by the French authors Two very ehaiaeteiistic cases aie the following 

First Cask 

Senes No 9 Medical No 16215 Male medical student aged 25, white, 
Ameiican, admitted to the Hospital Get 2, 1003, died Oct 15, 1903 

Piesent Illness — The patient was hi ought to the hospital in a very collapsed 
condition, was deeply intoxicated and iciy dull No definite history of his illness 
could be obtained Patient had left home foi college on Septenibei 14, and i\as 
then not in his usual spiiits, appaientlv not leiy veil He letuined to the city 
on Octobei 1 in a veiy evliausted condition, with high fevei and deluium No 
detailed account of the symptoms dm nig the pieceding two weeks eould be 
obtained Aftei leaching home he was put to bed, and typhoid fevei was diag- 
nosed by the family physician ivom a positive Widal leaction The following 
note was made on October 3 by Dr McCiea 

ExatmnaUon — “Patient looks deeply intoxicated, mental condition dull, and 
at times some wandering Tongue dry Mucous membranes good coloi Slight 
tremor of lips Percussion note cleai thioughout, lathei hypenesonant Breath 
sounds eveiywheie lieaid, accompanied by medium diy i Tiles Point of ma\imum 
impulse in the fifth intei space Kelative cardiac duhiess begins at third rib, 
aoes not go to light of sternum Heart sounds cleai thioughout, fiist sound 
much like second Pulse 30 to the quartei, fan volume, maikedly diciotic, right 
larger than the left Abdomen is natmal Numeious lose spots Respiratoiy 
movements well maiked Walls soft and no tendeiness On attempting to feel 
the spleen theie is some iigidity, although spleen is palpable Pelative hepatic 
dulness begins at the sixth iib and extends 11 5 cm in tlie light mammary line” 
Hemoglobin 80 pei cent , leukocytes 5,000 

Couise of Disease — Octobei 4 Note by Dr McCiea “Active delirium still 
continues Tongue still diy Everyivheie maiked capillaiy stasis Pulse 30 to 
the quarter small volume and lathei lunning Heart sounds cleai, first much 
like the second Abdomen is not distended Eiennheie some iigiditr No pain ” 
Octobei 5 Patient still deliiious, muttei mg and talking continually jMarked 
subsultus tendiniim Bigidity of the neck, and head is held somevhat letracted 
All the extiemities aie stiff and rigid, and theie is a doubtful Keinig's sign 
Again the note is made that the fiist heait sound is of the same qualilj as the 
second The pulse still 30 to the quaitei small and luiiiiing 

Octobei 6 Patient’s geiieial condition not impioved iMaiked gallop i hi thin 
at the apex and reduplication of the second sound at the base 

Octobei 7 Still marked iigidity of the neck An occasional diop in the 
pulse rate 

Octobei 9 The following note by Di ifcCica “Patient’s goneial condition 
much impioved Active deliiiiiiii still, although not as maiked Pulse stronger 
and of better volume Blood-piessuie has iiscn 20 mm of meicuii s,nce i ester- 
day after noon Pugiditv of the neck and extiemities not so maiked Abdomen 
not held so ngid Slight degiec of timpaintes No tenclerness ” 

Octobei 13 Svefliim noted uiidei both snbmaxillai\ regions apparontlv 
iniohiim the glands, anfi-inoie maiked on the left than on the light Snollmg 
has come on with gicat lapidity The paiotul glands are not iinolied 

Octobei 14 The folloning note V as made ‘ Patient Ind a a el^ uncomfort- 
able night OMiiig to salnation and difiiculH m bieitlung Ihc swelling oi tlm 
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neck was decidedly moie apinient at H than at 7 o’clock, especialh on the left 
side, Adhere it evtended to the paiotid region Eedness and heat extended doiui 
ovei each clavicle Posterioi ceivical glands aic decidedh hargei A small abscess 
01 ei the occiput was incised and about 10 cc of pus escaped The patient was 
deliiious, lequiimg moiphin Pulse faiih good Leukocytes at 8 30 a in ueie 
16,000 Patient is decidedly easiei this morning Suelling less inaiked The 
respirations aie easiei Cultuies from abscess shou Siapliylococcus pyonencs 
axil CHS ” 

Oetobei 15, 1 30 a m Theie is the following note “Patient had been very 
lestless during eaily pait of the night, tossing about fioni side to side in the bed 
Bieathing avas less laboied Swelling of the neck less pionouncecl Appaiently 
there was slight fluctuation in the left submaxillaiy legion, with a simo-cstioii of 
pointing Dischaige from the nostiil continued as befoie Mind a^as totally 
impaired Although usually quiet, with eyes wide open, at times patient strug- 
gled to get out of bed Abdomen seemed natuial At about 12 45 a hvpodermm 
of morphin, gram %, was administeied Respirations became moie lapid and 
shallow, but neaei labored and pulse suddcnla fell A hypodermic of digitalin, 
gi 1/30, and stiychnin, gr 1/30, was administered I was summoned, and on 
aiiiaal, three minutes aftei, pulse was not perceptible at the wiist Heart 
impulse could not be felt at the apex Iheie a\cie a few «paslic moicments, no 
cyanosis, and patient was dead” 

Ghxncal Diagnosis — Taphoid feiei, cellulitis of the neck (angina LiuIomci) 

VUTOl’SX 

Pathological Ivo 2192 Autopsi Oct 15, 1903 at 2 p ni , by Di I^IacCallum 

Anaiomical Diagnosis — Typhoid fcici, swelling and ulcoiation of Payer’s 
patches and solitan nodules, acute splenic tumoi, bionchopneumonia emplnsema, 
atelectasis, aiteiiosclerosis of aoita and coionaiies acute icgetatue mitial 
eiidocaiditis, phlegmonous inflauimalion of muscles of the bisc of the tongue 

'Ihc bodi IS tliat of a fairh well nourished man, ISO cm long 'Jhe thoinx is 
slmhth defoimed, the left side being prominent Ihe neck lateralh below the 
eirs IS mirkcdly swollen Rigoi mortis ind Inoi mortis aic well marked Oier 
the back there arc numerous furuncles 1 he mucosa aic leii pak Subcutaneous 
fat is small in amount The peritoneal caiita contains i clear fluid small in 
amount The sui faces aic smooth 3110 ilcum, in its lowci poition shows mam 
dark areas which apparently coirespond with ulcers iMescntenc hiiiph gl iiids 
ire much cnlaiged 'Jhere arc xon much cnl irged Umphoid glinds m the omen 
turn and rctrostorn il tissue 

'Ihorav Lungs are xoluminoiis and meet in the iniddh line Pleural cui- 

tic^ ire free from accnmulation of fluid Ro adhc-ion- o\tr the lungs qj,t. ppr, 
oaidinin contains about one liter of tk ir xellowish fluid Pulmon.ari irtcrns con 
till! onh fluid blood 

jjinrt Weight 320 gin 3 lie lioirt is not enlarged 1 lie surf icc-, an gtiur 

nlh smooth rpicardiiim o\or tin right heirt is sonnwliat thukoned ind opaqm 
3 hero an v f<w minnto hcmorihagis 3 he right auricle cont iiiis jHi-t mortem 
tlot Jhe triiiispid ^ iho is norm il Iln }inlmonir\ \il\es ire dfluate 3he 
iiiitril orilice IS iboiit iiormil in 'i/e Along tlie line ol clostin oi tin intinor 
sinmmt of the imtr il 1 il'i tlion m nunn rous tr tn'lm.i nt \ogititions 3 tu aortic 
iTh.' an ih ir Ihe In irt mu-il. n rith.r soit npuni, md grn linn in 
siittmil (\<r\whin imnn n'li- iimr. ojiupn distimt gri\ fl.aks or spots Ihn 
intdior uni di-.-iniin- bruulns of tin i >n>n ir\ irli r\ -ho,\ nunn rou' \illow 
ih.’ssot stbrO'i' 1 n -s* iri ot si ill s| , sri m 1 i<> 2 mm in <h uin ter Mrnn t 
tk wil'd, ct tin intui i I' c m»rt#d into irr._nl>r \ Ilouish g-n pitdn i hnh 
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are not much elevated Tlie walls of the smallei blanches aie also thickened The 
aoita shows only a veiy slight thickening, just above the lahes In the nail of 
the left ventiicle iieai the aui iculoventi iculai iing theie aie a small numbei of 
patches in which the muscle is completely leplaced by a giayish white, some- 
nhat tianslucent libious tissue Two patches of this soit aie found measuiing 
5 nun 111 diametei One oi two minute hemoiihages aie also found in the sub- 
stance of the heait muscle 

Lungs — The left lung is veij' voluminous and cushiony, except in the lowei 
posteiioi poition of the lowei lobe Theie the suiface is shi unken and the lung 
substance is airless and of a deep puiple coloi The bionchial glands aie some- 
what enlaiged The bionchi contain fiothy fluid The laige aiteries at the 
hilum of the lung aie cleai The blanches flowing into the collapsed aiea show no 
alteiatioii On section, the aiiteiioi poition of the lung is geneially an containing, 
but theie aie scatteied eveiywheie and especially thiough the louei lobe minute 
foci of consolidation ivith hemoiihages, aiianged in small gioups In the pos- 
teiioi poition theie is also a numbei of such areas The atelectatic pait 
of the lung is veiy supeificial The light lung is also veiy voluminous It is 
eveiywheie cushiony Theie are ovei the base aieas in which the pleuial gloss is 
lost The laige vessels are fiee fiom tlnombi On cut section the uppei lobe is 
found almost eveiywheie to be an -containing In the lowei lobe foci of consolida- 
tion aie thickly scatteicd as in the left lung Throughout tlie lungs the alveoli 
aie veiy laige 

Spleen — Weight 300 gm , slightlj' adheient to the diaphragm and suiiound- 
ing aieas, has a biownish led coloi The capsule lias a rough, diy appearance 
and IS covered with fibiiii Theie aie numerous minute hemoiihages The con- 
sistencj'^ IS gieatly decreased On section the swollen splenic substance is 
extiemely soft and pasty Numeious hemoiihages thioughout The Malpighian 
bodies aie enlaiged and niegulai 

JvccL Oigans — ^The epiglottis and tissues about the laiynx aie edematous 
The left lobe of the thyioid is much laigei than the light The tiachea shons 
no abnoimality In the tissue about the hyoid bone, especially on the left side, 
theie aie numeious small abseess-likc foci scatteied tliioughout the muscle, which 
feels firm and has a tianslucent appear ance On removing the tongue from the 
mouth, it IS found that in the neighboihood of the left sublingual sain ary glind 
there is an abscess caiity about 1 5 cm in diameter, containing jellonish pus 

Lite} — ^The suiface is smooth and lathei ginjish Small points of opacitv 
show thioughout the capsule On the suiface the lobules aie quite veil marked 
out Thej' have a giaj' penpheiv and daik red centei There aie no definite areas 
of necrosis to be seen The mucosa of the jejunum is noinial in appear nice 
Hie gallbladder is gieatlv distended The bile lions fieelj tbiougli the bile 
duels 

Pancicas and Adicnals — Xoiiml 

Kidywgs — Coitical substance is opaque and snollen Numeious minute hem 
oiihages oiei the coitex Numeious hemoiihages in the niuco«a of the pchis 
nhicli contains cloiidi, bloodj fluid 

Intcsiiucs — Pejei s patches aie snollen and liaAC a pitted appearince nith 
loss of substance Neii the ileocecal \al\e the snelling is nuich more extensne. 
but theie arc no reii deep ulceis and loss of s\ibstance is quite superfici il In 
the cecum the solitaii nodules appear snpeificnlh ulcei ittd 

.loitfl — The aoita shons bcamiimg scleiosis about the intercostal arleiit' 
Alons the aorta theie are nninciovis large heniorrhigie 1\ mph-gl ind- Then ire 
siiiill hemorihige- m the tissue 
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DISCRIPTION 01 SCCTJOXS 

The lieait muscle slious ^elJ e's.tensive paienchjmatous and inteislitial 
changes The hbeis e^el 3 ^^hele look gianulai The ‘cement lines” aie lathei 
piominent and in some places theie is a little sepaiatioii, but theie is no maiked 
fiagmentation In some areas the stiiation of the cells is ^e^y indistinct and 
m otheis seems entiich absent Miny of the muscle fibers show maikcd vacu- 
olization on longitudinal section Uhe nuclei aie much swollen and aesiculai 
Some of the nuclei aie laige emptj hags, although in most, iiiegulai stiands of 
chiomatin aie pieseiaed Theie is no maikcd pigmentation of the peimucleai 
spaces The spaces theinsehes aie often gieatlj iiici eased in si/e On cioss 
section m some aieas theie is acij e-s.tcnsi\e change in the appeal ance of the 
fibeis The sarcoplasm is gieatly inci eased m amount, the fibiil bundles are 
diminished in size and numhei and, in some of the cells foim onh a ciicle about 
the peiipheij Thioughout the vaiious sections theie aie numeious aicas of 
inteistitial infiltiation Manj of these begin iiiidei the epicaidiiim and dip doun 
111 between the muscle cells All of the connectnc tissue spaces thioughout the 
lieait aie moie iichlj cellular than is noimal The cells in these aieas consist 
mostlj of small mononuclcai s with howciei man> laigc mononiicleais and some 
lioljmoiphoiiucleais Theie aie, too, mimeious laige cells with lound or o\al 
nuclei and of deep cosiii staining piotoplasin Some of these cells cvhibit pha- 
gocjtosis In seieial aieas theie is maikcd degenei ation of the muscle fibeis 
without anj appaient luteistitial infiltiation In these aieas the muscle bundles 
aic filled with a gianulai mateiial studded with muscle fibers which aie dimin 
ished in size and haio lost then chaiactciistic stiiation In one pi ice theie is i 
large aiea wlieic the muscle fibeis seem to bale disappcaied completelj Theie 
IS maikcd pcii.iiteritis of one of the laige blanches of the coioiiaij aiterj caught 
111 the section 

The papillaiA muscles aic paiticulaih the site of both paienchjmatous and 
interstitial lesions !Main of the siuallci aebscls show maiked thickening of then 
walls, and in i few the luiiien seems completelj occluded In cells of the same 
charactei as those which ha\e iiifiltiated the muscle Iheie is in places marked 
edema of the coniieetiie tissue between the muscle libeis About some of the areas 
of inhltiatioii theie sceiiis to be i foimation of fiesh conneetiie tissue 

SfCOM) C VSL 

bciiCN No 15 Medical No 1 5015 Male pin«ician, iged 25 Adiuittcd to the 
hosjutal on No^ S, 1002, died No\ 25, 1002 Clinical diagnosis t\phoid fe\ci, 
heinoiihagi 

i/ictorg — Ihe famiU histoiv coutiins notlnng of iinpoituice 'Jhe patient had 
lueasloN at the ige of 21 inuinp'' at the age of 21 md chicken po\ it the age 
ot 21, otheiwi'-e he w is ilw u*- ‘•tiong ind heiltln 

i’icsciit Il/itCNS — On Noceinber 2 the pilicnt w i^. tikcii with lieidachc, gencril 
milai'i, piiu in the hick and lnub« lhc-'< -Miiploin*! continued and on Noiein 
her 5 he had fulni's of tin ntek with ninke«! pun On the (>tli he had hot ind 
cold ilu'-hi'^ lo't hi' ippitite and on the 7th dccclopcil nui-ei Ilowcls were 
loii'tipited InniHiitnrc hid i ingid Horn 101 to 102 tin two d l^ s preceding 
ndini"ion to the Iio-pitil 

J- j-itinninliou — On the morning alter idnu"-ion — Nouinber 0 — Dr Alctni 
niidi the tollowing inUt I’ltunt i- w. 11 noui i-lud anil rolnict Stii'oniini 
eh ir longue mi\ lighth uulisl cun - ind inucon-- nnnibruu' good folor 
Jhori\ lirgi ind will di\il"pid Icpin-ion good and Mintl I'ercn-'ion note 
ele-ir throughout Dr* itli -oninl' <\<r\uhirt> ch ir Ih irt point of iiiiMinnin 
itnpul'i inUlnr M-ibh nor p ilp ibh \l ' ^ 'titho-iopi in tin filth inti r'p itf 



LOUIS 


359 


7 75 cm to left of the midsteinal line Aiea of dulness is not inci eased Heait- 
sounds cleai thioughout Pulse 24- to the quaitei, full and good ^olunle, diciotic 
Abdomen is natuial Respiiatoiy movements well maiked ISfo definite lose spots, 
although theie aie a few suggestive ones No especial tenderness >Some guigling 
in the light iliac fossa Livei dulness in the light niannnaiy hue begins at the 
sixth lib and extends about 4 cm Spleen is not felt” 

Cotit se of Disease — Aftei admission, patient’s tenipeiatuie nas leij high and 
he showed no i espouse to the tubs Iheie was consideiable nausea and some vom 
itiiig Pulse lemained good 

Novemhei' 13 It is noted that patient is veiy stupid and dull Definite lose 
spots aie pieseiit on the abdomen The pulse lemains good in quality, but both 
the lespiration and the pulse i ate show vaiiations fiom time to time 

Novembei 19 On this day, following a sudden diop in the tenipeiatuie, a little 
blood appealed in the stools The amount, howevei, was too small to have caused 
the sudden diop The following note ivas made by Di INIcCiea “The patient is 
dull and diowsy Tongue somewhat diy and ti emulous Tlioiax is cleai on 
auscultation and peiciissioii No abdominal featuies !No distention oi teiidei- 
ness, and the lespiiatoiy movements aie well maikcd When seen at 11 p m , 
the geneial condition was not so good The jiulse vas moie lapid and of pooici 
quality ” Latei in the day this note was made ‘ Since last night the patient’s 
geneial condition has not been so good He is moie deliiious and looks woise 
Pulse late has been iiiegulai and volume pooiei longue is diy and ti emulous 
At tunes a low inutteimg deliiiuin No subsultus Respiiations aie lapid and 
vaiy much in late Lungs aie cleai thioughout on peicussion and auscultation 
Ileait sounds aie cleai Ihe pulse late laiies fioiii 128 to 150 Slight change in 
tension The abdomen is flat Respiiatoiy movements well maiked No tendei- 
ness, iigidity oi muscle spasm” At 11 p m it is noted that the pulse is 108 to 
112 and of decidedly bettei volume 

Patient’s condition the folloning nioining nas somewhat inipioved, but in the 
aftei noon he again became woise and developed some hiccough At 11 p m the 
following note ivas made bv Di Oslei ‘^Maiked stupoi and hebetude Respiia 
tions at times almost noimal Pulse 120, aaijing both in foice and ih’^lhin 
Abdomen is soft Respiiatoiv niovenieiits piesent No tenderness on palpation” 
The following day the patient had consideiable hiccough and occasional lom- 
iting Pulse was slonei and of bettei -volume An enema bi ought anav some 
changed blood 

Novembei 24 At 4 p in the follovvniig note was made “Patient had a sinking 
attack at 2 20 p m Pulse became ven lapid 150 and was weak Theic was 
maiked cyanosis Respiiations 13 to the quaitei Patient did not lespond to 
questions Was stimulated heavilv and leceivcd a one litei infusion of salt solu- 
tion Rallied somewhat Maximum blood-pi essui e 78 mm of meicur^ Pulse 
late 144 Eais vciv cyanotic” At 10 p m the patient's condition was described 
as vciv gi we It is noted that the lieait sounds are lathoi bettei than the jnilse 
The attack of the aftei noon is chaiacteii/cel in the notes as an acute cardiac 
bleak-down Fioiii this attack the patient nevci complctlev i illicd 

Novembei 25 At 1 a m theic is this note ‘ ihe patient is decidedlv woi«c 
Quite unconscious Respii itions ovei GO Pulse ciiinot be felt at the wiist 
Ileait sounds aie not bend owing to the lapul iioisv lespn itions .Vltei tins 
the patient giaduallv smk vnd died at 2 10 a ni 

Al-TOPSa 

Pathologic il No 2033 Autop=v Nov 25 lO0^2 at S 30 a m, bv Di Mm 
C ilium 

\.)wtomical Dtaqno'-is — Ivphoid fovci deeji ulcer ilion in >-iiiill iiitC'-tiiu 
liimtcd nlcei ition in the colon icute splenic tuiiioi gciioi il (iiliigdiniit oi the 
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mesenteiic hmph glands cloudA swelling of the luei and kidnc’is, bronchopneii 
monia, beginning arterioscleiosis nnocaidial degeneiation, occlusion of piilnioiian 
arteiies bv cell masses 

Ahsijact of iutopsy Xoics — Body of a faiilv well built man, 178 cm in 
length, moderatcl-s emaciated J7o edema Slight Inoi moitis Eigoi moitis 
well maikod Abdomen not distended iMuscles vei\ led Peiitoneum dii 
Mesenteiic glands greath enlaised, daik puiplisli in color, the tissue oieihiiig 
them dceph injected Considerable injection of the peiitoneum thioughout cspe 
cialh ovei the colon and small, icd patches of subpeiitoneal henioiihage lutes 
tines nowheie gieath distended 

Thai at — Lungs aie quite aohiminoiis but do not meet in the mid line Plcuial 
caaitj, IS flee fioin adhesions and from e\ccssi\e fluid Peiicaidium contains no 
excess of fluid 

//calf — Weight 230 gin , is e\eia where smooth Right ^entncle is lather 
soft and flabba 0\ei the suiface of the light lentriclc is a tendinous patch 
lathei pooih outlined Left acntiicle is quite fiiin and mottled iii places Tii 
cuspid and pulmonai\ ^aI\cs are delicate The auiieiilai appendage contains soft 
clots The left auiiclc also contains a soft clot The mitral aahe is delicate 
The heart muscle on the left side is opaque, grajish in coloi, soft, the least touch 
on cut suiface Icaiiiig i peimaiioiit impicssion The hcait muscle shows some 
points and lines of acllowish opacita but on the whole is lathei giaMsh pink 
and opaque The aortic ^al^os arc delicite Theie is beginning aiterioscleiosis 
at the root of the aoit.i and theio .vie one or two patches on the ^entnculal sur 
face of the mitral \aho Thoic aie numerous patches of jellowish scleiosis along 
the coronal ICS cspccnlh the antciioi descending biancli The posterior branch 
also shows extensne seleiosis fhe patches arc small and discrete and in large 
pait translucent, flecked with a allow Tangential sections of the hcait muscles 
show e\or\whcrc the same dull opaciU with onh indefinite flecks of moio jollow 
ish coloi 

Lunq'i — Voluminous injected and of a deep red coloi Seieral infaicts 
thioughout the right lung and out particuliih 1 irge one in the uppoi poition 
of the left lower lobe 

Spleen — ^Teiisp rather soft and flahln lud contiins i few small heniorihagcs 
under the capsule On section the Milpighian follicles iie large and irrcgulai 
Ihe pulp IS red and greath swollen 

jjiicr — Pale and rather jiaslA A few small hemorrhages o\er the left lobe 
On section the lobules are well dduieil with %ellowish centers and more red periph 
crie- The whole Iner has a ^cllowlsh tint 

(, all Bladder — Distended with dark green bile The bile duct is patent 

Stomaih — Xuiiitrous small erosions on the lower euri iture The mucosa 
rather h^peremlc 

/iifrsf inrs — Solitare follicles ni the colon are \isibh, but not gri ith swollen 
The upper jiortion of the cohm ^er\ Inpcrmiu and is fir as the cctiirn there are 
s(i«ril small quiti deep iilcir- Alsm tin ileocec il \al\( there ire four or flic 
lir'*e deep ragge.1 ulcers with slougli adhering to the exposed nui~cnlature Alioie 
this for some distance nil ot Pom r s pittlu's ire iniohtd main of them swollen 
with l«"imiin" slonyb in otln r~ tin iihirs extind dxi) into tin muscle Higher 
up si tiling |s tin nnin n itun Dure i' geinril ln|nremii of the sniil! intes 

tun 

/>.ji ( r> <i< — \o-m il 
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Kidneys — On section the whole kidney is lathei pale, cortex; somewhat swollen 
Stiiations legulai and stiaight Glomeiuh piominent Lahyiinthine poition is 
swollen and somewhat opaque Pyiainids aie pale 

Aoita — Shows delicate patches of scleiosis throughout its whole couise These 
aie naiiow, stiingy patches in nhicli the yellow opacity is centially placed 

mSCKIPTION OP SECTION'S 

The niaiked gianulai and fatty degeneiation of the fibeis which the gross 
description of the heart indicates are not apparent in the sections The fibers 
have a gianulai appearance and the sti ration is in places obscured The “cement 
lines” are prominent and there is some fragmentation The nuclei are swollen 
and the peiinucleai spaces enlarged with some pigmentation at the poles The 
sarcoplasm is somewhat increased in amount and on cross section the fibril bun- 
dles are rather widelj' separated, but the change is not marked All of the blood- 
vessels contain more leukocjtes than normal, and there is a diffuse scattering of 
cells throughout the interstitial spaces but no localized intense aieas of infiltra- 
tion A branch of the coronary shows ivell-niaiked endarteritis There is no note- 
worthy change in the small arteries 

These tno cases, although so similai in then clinical couise, present 
anatomically widely diffeient conditions In the first the parenchyma- 
tous and interstitial lesions are more marked than in any other heart in 
our senes, and the acute inflammatory changes in the coronaries equally 
sti living In the second, while the cardiac muscle is soft and opaque 
with lines of yellowish opacity, the microscopical examination of the fixed 
tissue shoMS surprisingly few fibei and no extensive interstitial lesions 
The fixing, of course, has obscured the granular and fatty degeneration, 
vhicli must liaxe been marked Sections from three different portions 
of the left xentiicle were studied, so the investigation is not as complete 
as we Mould xvish it to be The changes in the coronary arteries aie 
extensive 

Of the foity-one cases the cause of death may be roughly stated to 
be due to 

Cases 

Peiforatlou vith subsequent peritonitis 10 

Cholecvstitis and peiitonitis 2 

Teiininal pneumonia 2 

Intestinal liemoi rbage 2 

Ilemorrliage fiom mucous membianes of lespnatoii and digcstnc 
tiacts (liemoiiliagic tjplioid ) 1 

Se\eie blood^ xomiting 1 

General stapbj lococcus septicemia and abscesses 2 

Tolloving comulsions ~ 

Toxemia ^ f 

Sudden collapse ’ 

The teim toxemia is an indefinite one but is iwod for vant of a 
better It is applied to those cases in i\liich death occured from ihe 
disease without the intervention of am diiect complication The cl.i-'i- 
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fixation compnses then tno gionps of eases fiist, those m A\hich death 
occnued, if not as the direct lesiilt of, at least coneoiiiitantlj -nith, the 
del elopnient of seiions coniplieations t'\veiit3-tMO in niiiiibei , and second, 
those in which death occiiiied dnectly as the lesiilt of the typhoid infec- 
tion, nineteen in nnnibei 

Of the 22 cases in the fiist gionp 
0 showed inaiked ciiculatoi-\ sMiiptoms 
7 showed some ciicnlaton sMiiptoms 
15 showed no ciicnlaton simp toms 
Of the 19 cases in the second gioiip 
11 showed inaiked ciiciilaloi\ sMiiptoms 
5 showed some ciitiilaton sjmptoms 
3 showed no ciieiilalon sMiiptoms 

These fignies aie ceitamly an indication of the relatne impoitance of 
ciiciilatoii distui bailees in the causation ot death in niicomplicated cases 
In the second gioiip aie die cases of patients who died lathei suddenly 
and in whom to all appeal ances death was due to a sudden failuie of 
the lieait 

Tin lULAriox nniwnx the circulaiori sy.mpiows axd the myocvr- 

DIAL CIIAXGES 

Of 12 cases in which tlieic weic well inaiked inteistitial and pai enchj matous 
lesions 

In 5 theic weio dcfinile cnculiton sMiiptoms 
In 2 (hcK wtu le^a inaiked ciicnlaton «\mploina 
In 5 theie wen no detiiute cnculiton sMnptonis 
Of 5 c isiN III which Ihcic weie wellmaiked inteistitial but oiilj model lie 
p ireiuliMiiiitom lo'-ions 

in 1 theie wcu dclimte cnculiton sMuptoms 
In 1 then wcic Ic-'' miikcd cnculiton cMiiptoms 
In 1 thcio wore no dcdniitc cnculiton mnptoins 
Of 12 c ni" III whicli then wen moderate intci -titi il but well inaiked paien 
eliMUiitom K'loin 

In 2 theie wen deliuitc cnculiton mnptoim 
In 7 thin were le-s niiirkiil iinulitorc mn]>tonis 
In 1 then wiie no iltfinui imuJaton mnptonis 
Of 2 ci-i-' in whuh thin wm onli inodiuite inter-tiiial and ])aicnchMniitou5 

h -ions 

In 1 thin wire nnnoi inculitorc ‘iMuptoiU'- 
In 1 tliiie wen no ib limti iinuhiton sMiijitnins 
Ol 7 t I'l •' ni whuh thin win no ili tiinti intci-titiil but will in irked piucn 
ih\ m itou' 1< -ion- 

In 5 thin wir< ill hiuti iinulitori -Miiptoni-- 
In ! thin win no ihliinti nriiilitori '.Muptoin- 
(If "i t m ' in whuh thin win no ililiniti intir-titial and onli inoilor ite 
pm 111 h\ nnton-. b ion- 

In 1 thiri w<ri minor t iri ul itorc '■\inptonis 
In i till 'I wf< no ib'initi nnulitori "siniptoni- 
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While patients with even inaiked inteistitial and fibei lesions fie- 
qiiently show dining life no piominent ciicnlatoiy distiiihances, it is laie 
not to find well-maiked anatomical changes when such distiiibances aie 
inesent While the coiiespondence between the myocaidial changes and 
the clinical pictiiie aie by no means constant, the foi ©going suminaiv 
indicates a close i elation Such vaiiations as occni aie well known 
clinically The sudden and unexpected deaths duimg comalescence aftei 
a mild and uneventful diphtheiia aie illustiations When occasionalh 
the giave lesions anticipated fioni the syniptonis dining life aie missed, 
it can only be assumed that the histological pictnie iiiav not alwa3s faith 
lull} expiess the extent of injuiy the hbeis haie sustained I must also 
again lemark that in some of my eases the aiea of heait muscle studied 
was too small to allov of anything like a satisfactoii conclusion about 
the condition of the oigan as a whole What I mean by "ciiciilaton 
s^unptoms’’ I have pieviousl} ex'plaiped They aie symptoms which in 
all likelihood aiise from some damage to the heait itself and aie not the 
usual ciiculatoiy deiangements consequent to vasomotoi paialvsis As 
has been pieviously noted, five patients died appaiently of caidiac 
failuie All showed definite myocaidial lesions and in foui the changes 
neie veil inaiked 

One would piesume that caidiac lesion« vould be iiioie common in 
patients djing of the typhoid infection itself than in those dung aftei 
fatal complications, notably aftei peifoiation of the intestine oi the 
gall-bladdei 

Of the 19 patients djing of “toxemia” 

7 had maiked inteistitial and paienchMiiatoiis lesions 
1 had maiked inteistitial and model ate paienclnmatons lesions 
G had modeiate inteistitial and maiked paienclnmatons lesions 
4 had no inteistitial but maiked paienclnmalous lesions 
1 had oiilj slight pai oiichviiiatons lesions 

Of 12 patients dung fiom peiitointis (10 aftei peifoiatiou of intestines 2 
aftei peifoiation of gall bladdei ) 

0 had maiked inteistitial and paienclnmatons lesions 

1 had maiked inteistitial but modeiate paienclnmatons ]e«ioiis 
4 had modeiate inteistitial and maiked parencln matons lesions 

1 had marked inteistitial and modeiate paieiiclnmitoiis lesions 

2 had no inteistitial but iniiked paienclnmitons lesions 

4 had no inteistitial and onh slight paienclnmatons lesions 

Of sixteen cases in nhicli theic was megnlaiiti of the pnl‘^c in ill but tno 
theie neie maiked piiencln matons lesions and in onb three neie interstitial 
lesions entiieb ibsent 

Of the eight ciscs in nhich theie n is a s\stolic mmmni at the ipe\ in t there 
neie extensne interstitial and paioncln matons lesions m 4 definite pirtntlnma 
tons but no mteistitiil chingcs 
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THE SIGXIEICAKCE OF THE HE^EHT HUSCLE CHAXGES IN’ TYPHOID ErVER 

In spite of the extent to which the heait innscle is damaged in 
tiplioid fevei it is a difficult matter to deteimine lioir fai tlie functional 
capacit) of the heart is impaiied Stokes called attention to the fieqiient 
lack of coiiespondence hetw^een the severit} of the disease or the pionii- 
nenee of eiieiilatoiy symptoms and the degiee of anatomical change m 
the Iieait muscle The most maiked lesions aie sonietiines found 
when one would least expect them and the lesions are sometimes mild 
wdien the clinical couise of the disease would lead us to pi edict then 
piesence In tlin-seetion wdieie I have compaied the clinical siiiiiptoms 
of the disease and the histological pictuie ot the heait muscle the lack 
of an} constant relation i'^ appaient It mai be that the muscle cells 
aie often moie seieiely in-juied than one would pidge fiom the stiuc- 
tuial changes thei piesent and it is indeed lemaikable what a high 
giade of efficiency +he heait may pieseiie in spite of the existence of 
\on extensive fibei lesions I haie howeiei noted tliat wheie the cii- 
culatoiy symptoms haieheen unusually piominent and paitieulaily wheie 
death has seemed due to sudden caidiac failure, extensne in3ocaidial 
lesions liaie almost constantly been piesent On the othei hand, in some 
cases in which theie weie no unusual cnculatoiv symptoms dining life, 
quite as extensne in}ocaidial lesions ha\e been found Kichl-® has mg- 
gested that the chaiactei of the toxin and the position of the lesions inaj 
be matteis of priinai} impoitance Albiccht-*’ has paitieulaily empha- 
sised the signihcaiice of the position of the lesion Fioni his anatomical 
=;tudie= he has attiihuted gieat impoitance to special bands of inincle 
hbeis in the propei cooidination of the hcait-heat and belie\es that 
lesions iinohing certain aieas would pioduce fai gieatei damage than 
the same lesion situated elsewheie AscholT and I awaia’" refine to accept 
the anatomical conclusions of Albrecht and iciect the pathological 
assumption^ based on tliem TIiC} in turn aie particiilarl-^ iiitcrostcd in 
lesions which ma^ intorfeic with the impulse-conducting fibers of the 
bundle of Hn Tawara has pio\iousl\ publnlied an excellent anatomical 
stmh of the distnlmtion of this bundle The eflect that lesions in %ari- 
niis liraiuhos of the bundle mar hare on the ihr-thm of the cardiac more- 
ments and what etbet if am flier mar exeiciso on the functional capa- 
(itr of the heart are qiu stums to be solrcd The ramifications of His 
bundle are }iarticularl\ iich just under the endoeaidiiim and as areas of 
cellulai iniiltration aie e-pecialh common there Aschoff and Tawara 
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suggest the association as a possible exjilanation of the iriegulaiities 
common m infections diseases 

It IS a much-discussed question ho\r fai gianiilai and fattj degeneia- 
tion iinpans the functional capacit}'- of the heait Clinically in condi- 
tions iiheie they aie most extensive, as in jihosplioius poisoning and 
anemia, we miss seiious ciiculatoiy simptoins Experimentally the lack 
of lelation between the two is even moie stiiking-' It is remaikable, 
too, how laige an aiea of the heart muscle may undergo neciosis witliont 
appieciably impaiimg its function 

Eothing moie definite can be said about the significance of fiagmcn- 
tation Theie aie ceitainlj no chaiacteiistic s 3 miptoms associated vith 
the lesion as Benaut and Landouz}-® at hist thought Von Reckling- 
hausen, in 1890, contended that the tears occui as the lesult of peneise 
eonti action at the moment of death This view, that the occui lence of 
the lesion is an agonal event, has been geneially accepted It is assumed 
that certain aieas of lieait muscle die a little befoie otheis and the con- 
tiactions of the still living fibers teai them asundei Still the exact 
mechanism h] winch they aie torn into so many fiagments does not 
appeal cleai The lesion is such a common one and occurs in so man\ 
different conditions that no pathological irapoitance can be attached to it 
Changes in the fibiillai stiuctme of the muscle must ceitainly intei- 
feie with the functional actiyity of the cell but these lesions we have not 
found extensive enough to assume that so laige a numbei of fibeis weie 
affected as to compiomise the efficiency of the heait as a wliole Vacuoli- 
zation and changes in the distiibution of the sai coplasm aie lesions no 
doubt of still giavei importance foi the life of the cell, but these aie no 
more fiequent than the fibiillai lesions 

The changes in the nuclei have given rise to some dwcussion Wci- 
geit-” thought the laige vesiculai forms repiesent the fiist stage in 
diMSion and multiplication and this vieu has been suppoited bi Oeifel 
The publications of Ehilicli,^^ Rombeig and Krehl leaie little doubt, 
howeier, that they aie distinctive marks of degeneiation KiobP- ha= 
found changes in the size and shape of the peiinucleai spindle of sarco- 

27 Liibarsch and Osteitig Eigebn d allgem Path path Anat 1001 
i\ bl2 

28 Quoted b} Lubarscb and Ostcitag Eigebn d allgem Pith u Path . na 

1003 ]\ CI2 ‘ ^ , 

20 3X'cigert Samnil klin X'ortr ( X*olkinanii , 1S7S 102 103 quoted In 

Albrecht Der Iloi/niiiskel p 247 

30 Oertcl Quoted In Albieeht Der Hor/nni^kel p 24 7 

11 Ehrlich Chantc Ann 1878 ^ 30S 

12 Krehl Erkrinkiingeii dor Horzniii^kcl p 107 
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plasm moie constantl}^ associated Mitli caidiac insiifficiencv than anv 
othei single lesion He asciibes gieat impoitance to its piesence AseliofE 
and Tawaia aie skeptical of clie ‘Significance of the vaiions fibei lesions 
desciibed The nncleai lesions and the inciease in saicopLism, 
espeeiall} the}" belieie, aie often inoie appaient than leal 

As the nuclei and sai coplasm lepiesent the essential In mg stiuctiiie 
of the cell, changes in these aie of piimaiy impoitance as concerns its 
life A fibei may piobably lecovei and be lestoied to activity eien vhen 
gianulai and fatty degeneiation and fibiillai lesions aie exteiisne Al- 
bieclit"® belieies that lestitntion is possible even when the nuclei show 
marked vesicnlation When a cell, liOMevei, has once died, it is impiob- 
able that its place can be filled by newly foimed fibei s Theie is no 
conclusive evidence of legeneiation of caidiac fibei s 

Fiom the caiefnl obseivation of Mollaid and Eegand it seems piob- 
able that inteistiiial lesions occni much latei than the fibei lesions and 
that the} aie seldom piesent eailiei than the end of the second vcek As 
ciicnlatoi} sMiiptoms vhen thei occui tend to appeal dm mg the tlnid 
ueek, the infeience is neai that they haie an impoitant beaimg on then 
deielopment The exact manner in uhieh these aieas of luteistitial infil- 
tiation aflcct the functional actniti of the heait does not seem cleai, but 
the clinical ei idence of then significance is indisputable 

E^el} death dm mg an uncomplicated acute infectious disease is a 
cnculatoi} death and in eieri ciiculatoi} failuie tuo factors are of 
impoitance the inopellmg ioice and the peiipheial lesistaiice oi tlie 
heait and the lasoniotoi si stem What pait docs the hcait and vliat pait 
does tlie la^oniotoi sistein pla\ in the deatlis fiom acute infections and 
m the deielopment of tlie siiuptoins fiequenth obsened dming the couise 
of the di'-ease and dm mg comaleseence^ 

Ceitam of these sMuptoms are nnquestionabh duo to alteration in 
the heait itself The not mficquent dilatation with lelatiio mitral 
msiinicieiici the caidiac iiicirulaiifics and the chamres m ilnthni 
notabh onihi \ocaidi 1 can haie no other oinrin The uniisualh rapid oi 
unn=u ilh '-low puFc in all piobabihti depends upon nnocaidial lesions 
It IS dminir conialc-ccnce that '•\in]>toins of caidiac in-uflicicnc\ ni iko 
their a)ipcarance ino't clcaih I’rolonaed irrecrulaiiu of the pulse 
niiu^ualh lapid liciit actmn bicathJcs=ne=s .iricl falitnio on exertion a 
pcr~!siinir mitral in-u!lKiein\ occur froquenlh cnouL'h to indicate the 
(>\tont and inqmrt nice of tin cb 1111:0= the bent niii-cle ha= undci crone 
'I'lic tnuK -iiddi 11 dcith =0 roiniiion diinncr cotualc'cuicc from -cirlct 
fewer ind e-pet nlh fniin dijditboin 1- unu=ual after uphold ind the 

'‘'♦I |i irtt' ’ll vrl' 1) \rtU t klir* \Kiii 
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gieatei seventy of ciiculatoiy cleiangements in the two foimei diseases 
stands in dnect i elation to the inoie common and nioie extensive myocai- 
dial lesions that obtain Still an occasional sudden death and inoie 
commonly piolongcd invalidism aftei typhoid attest the impoitance of 
the caidiac changes in this disease 

It IS difficult to deteimine the lelative impoitance of the fibei and the 
interstitial lesions in the development of these simiptoms If Eenaut i'' 
light in contending that the inteistitial changes aie but secondary to the 
hbei damage and then extent dependent on the seieiity of the paiencliy- 
matoiis lesion, the question has no significance Those unwilling to 
accept this position will see in the time of oecuiience of the S5nnptoms, 
ton aids the end of the disease and notably dining convale=cence, and in 
the almost constant association of intense inteistitial lesions with seveie 
caidiac manifestations, an important indication This i elation is particu- 
laily stiiking in the sudden deaths after diphtheiia Ciiculatoiy sjmp- 
toms are especially common and giave in diphtheiia infections and it is 
in this disease that the inteistitial lesions aie most extensive and most 
striking 

Dm mg the height of an infectious disease it is moie difficult to 
deteimine the lelative impoitance of inyocaidial lesions and of vaso- 
motoi paialysis in the ciiculatoiy failuie Heie, too, it is piobable that sud- 
den and unexpected death is due to caidiac failuie and in some cases the 
symptoms of caidiac distuibauce are so sti iking that ve cannot hesitate 
to asciibc the essential part of the ciiculatoiv failuie to the myocardial 
lesions In the moie common types of the disease lasomotoi paralysis 
nould seem to bo tlie essential lactoi Eombeia:, Passlci and Bums,'''’ 
fiom an admiiable expeiimental stud} conclude that even when the 
miocaidium is the seat of an extensive lesion it may lemam perfectly 
efficient dm mg the height of the infection death being then due entii el v 
to ia=omotoi paiahsis Then methods of im estigation cannot lie briefli 
piescntcd noi can the ciiticisms of ion Steiskal, who attempts to dis- 
cicdit then lesult's Von Stejskal,''® noikmg m ion Bach laiioiatoi}, 
measmed the amiculai and the aiteiial pie^smcs and m High lariation 

3} E\cc]lcnt clinicil pictines in Kiolil (l<likianknn>icn des ller/inuskol‘5 p 
280) Rombeifc (Dcnt^-ch Aicli f ktin Med 1801 xhin 3GO il=o Ki inkheilen 
des llci/ens Slnltp.ut 1000 p 32S) and Lc^dtn (Zt=clii f khn Med 1882, 
n 334 ) 

35 lloinboic r i« 5 -]oi and Bin n=! Unter'-nclinngon nbei die ill^'eiiitine Pithol- 
oiiie iind 'Jluiiim del Brel'?! nifstormi'icn liei icirtcn Infet tion‘?knnkliei(ni 
Dent^cli Auli f khn Med 1800 l\n 052 

IG Stiiskil Knti^tli (xperiiiKiitcllo Untoi -iKluin«en nher dm Ihr/tod ini 
I'olpe loin llijditlu net 0X11! Zt'clir f klin Meil 1002, xl\ i 3(i7 
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sees diiect evidence of cncnlatoi}^ stasis and concludes that the heait 
must plaj at least an iinpoitant idle m the ciicnlatoi’^ failuie 

Of the aiteiial changes in typhoid feiei Me haie been able to make 
but a limited study A fen cases exhibited endaiteiitis and peiiaiteiitis 
of the laigei blanches of the coionaiies hut the sections could not lie 
used to determine the extent and fiequency of the lesions The extensnc 
changes in the sinallei aiteiies noted by Haiem, and on mIiicIi he lais 
so much importance, Iiaie been missed bj otliei authois and the'^ aie 
ceitainly not piesent in im mateiial Such aiteiial lesions as I liaic 
found might, houeiei, exeit some influence on the immediate outcome 
of the disease and paiticulaih on the subsequent integiitv of the ciicu- 
latoii sjstem The} aie in most cases, haidly extensive enough to intei- 
feie seiiously vith the nutiition of the heait muscle but aie impoitant 
factois in the cleielopment of subsequent aiteiiocleiosis Tha}ei lias 
shoun that the aveiagc blood-piessuie of intlnidiials baling had tiphoicl 
fevei IS liighei than that of those mIio liaie escaped it and the ladial 
aiteiies moie frequenth tliickened We aie coming to asciibe a moie and 
moio impoitant idle to the infectious diseases in the pioduction oi 
chionic aiteiial changes 

The acute imocaidial lesions aie also significant foi the subsequent 
uell-heing of the patient The destiuelion of muscle fibcis and the laige 
aieas of rTeistitial mfiltiation leaie scais vliicli mu^t influence the 
futuic eflicicnc} of tlic heait Landou7i and Siiedei lepoit a case of 
death in a =ccond attack of tiphoid fc\ei in vliicli thei found, besides 
acute miocaidial lesions old fibioiis scais Mhich tbei a'^ciibe to tlie fiist 
attack, thcie being no cMcleiicc of ailenal disease One of Hoiiibeig-s 
seal let fc\ci culpccts 'hoved caidiac cc.ii« mIucIi lloml)ei£r con‘-idei= the 
ieniain‘5 of a piOMOus attack ot tiphoul fe\ci ^lollaid and Ilegaiid 
haio found fibioii^ aica« in the licail^ ot then doir^- Killed a ccii aitci 
ticitmcnt with diphtheiia toxin 


«Lxrxi \i:x 

The anatomical k'ioii« jiroiluccd In iephoul fecci in the heart and 
bloud-\c-ck ln\o long been known While then, i- much dncr-iti ot 
opii ion about the extent and fieqneiuw of the le-mn- then onurrence 
and nnpoitiiui i> nmiue^tioned In nn ^tmh of foiic-thuc hearts Umn 
pitient- dMim of tiphoul finer I wa^ able to nnd -onu cliani;.^ in }uac- 
ti, ilh ill altbouixh in mo-t the b -mu'- wti< nnl c"nii-n< . noimh i<> 
.flluw oiietoa^mmc w ith i . rt 'int\ tint th. ctbu.i.c ..f ti>. h.Mrt mu-, h 



LOUIS nSMMAK 


3G0 


was compiomisecl Theie is iinfoitimatelj' no saiisfactoi}" evidence at 
hand to allow one to judge the functional capacity of the heait the 
chaiactei and extent of the histological lesions and fieqiiently the two 
seem not to lun paiallel In at least six of my cases both the tibei and 
mteistitial lesions aie so intense that I could haidly associate then 
piesencc with complete efficiency of the oigan I do not find any evidence 
of wide-spiead change in the smallei blanches of the coionaiv aiteiies 
but fiequentl} peiiarteiitis and endaiteiitis in the laige and inedium- 
si7Gd blanches Ho doubt these lesions must in some degiee inteifeie 
with the nutiition of the heait and aie of mipoitance both foi the imme- 
diate efficiency of the oigan and its futuie integiity 

Theie aie ceitain sjnnptoms duiing the couise of an acute infectious 
disease which point diiectly to the presence of some caidiae lesion and 
often to cardiac msufficiencjq notabh^ iiiegulaiities of ihythm and the 
physical signs of beginning dilation Ceitain sudden deaths can be satis- 
factoiily explained only upon the assumption of abiupt cardiac failnie 
Rombeig has asseited that dining the height of an infection the ciicula- 
toiy failuie depends entiiely on vasoinotoi paialysis Even though the 
vasomotoi system plays the impoitant idle, the ivoik of Stejskal shows 
that the heait is not alvays peifectly efficient and that it cannot be 
entiiely disiegaided as a factoi in the failuie It is diiiing convalescence 
paiticulaily that the symptoms of a damaged myocaidium stand out 
most eleaily Such symptoms aie not neailj so common aftei t'^phoid 
as aftei othei infections, notably diphtheria, but they occui fiequently 
enough to indicate the significance of the damage the heait has sustained 
Undoubtedly these lesions of the myocaidium and of the aiteiies 
aie of the gieatest iinpoitance foi the futuie health of the individual 
We aio being moie and moie deeply iinpiessed with the significance of 
infectious disease in the pioduction of chiomc aiteiial and raiocaidial 
disease Tiphoid fevei has not in this legaid tlie same mipoitance as 
iheuniatisni, siphihs, oi diphtheiia but on account of its pieialence is a 
factoi to be seiioufiy leckoned with The pieiciition of infectious dis- 
eases Mill piobablj pioie one of the stioiigest pi oph} lactic measuies 
against the degeneiatue lesions of the cii dilatory sjstein 
21 tVest Franklin Sticet 
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Duration of 
Illness 


18 days 


To\emia 


W 


60 dajs 


W 33 dajb 


B 


Cause of Death 


Peiitonitis following intestinal 
peifoiation and opeiation 


Mam Cllnkal Peatuics 


SlapIipIococcKs auicus septicemia 


28 dajs 


W |40 dajs 


1') I M B 


43 M M 


i22 dajs 


iOo daj- 


IJm ■ 20 M I B 22 dai- 


PontoDitis folloning intestinal 
peifoiation and opention 


Peiitonitis following peifoiation 


Onset nbtupt iiith loinitlng and dkzlness and mirked meiil i! 
featuies Admitted on 7th daj of disease Mas tldpli 
into'cicated and had simptoms of mcningcil liritation 
Iltgli fcioi Pulse lapid and incgular \pienl sistolli. 
mmmui dei eloped wlille child \ias in hospital 


Onset indefinite Had been ill 3 iiecks bofoie idmlssion nltli 
pain in bip and loss of appetite and gcncial ninlnisi No 
special simptoms until 42nd dnv, Mhen he bad i lienim 
ibage of about 17 cc Following tbis bccanu jer\ dull 
and docplj mtovicatcil On 10th dai signs of perforation 
Oneiation Aftci opeiation patient lomainod con stupid 
ind toMC On 75th dai signs of poiltoncal irritation 
icannoaicd but patient’s condition did not permit of a 
second opeiation No doftnitc ciicnlaton oi Ludlii sMiip 
toms o\copt wellmaiked nfeiiosclciosls Hcait sounds 
deseiibed as somewhat miifllcd , 

Onset with boadaebe and general malaise 4 dnes before id 
mission Mas Inational and deepli 

Sion A soieic infection ncmoirhagc of 100 to 100 < 

on on til and 21st dajs On 17th dne abscess in thi.b 
open'ed followed In a piofnso nop of bolls 
fhagron the 24tb dai Siiip7ii;lncncnn aiiiriis cultlMitid 
fiom the blood No special ciicnUtorc svmptoins 

patient No ciiculatorj simptoms 


‘■s-i-smsmsiS-- 


Hu 


III on ion, tion ^ despeiati and on 

last flic dais of ’,'fsm ill bomorrba 

the Inst t''n ^ i leinilniil 

1 oifoi ition was not dligno " incgnlni and aj end of 

i?\Vr.Te;iTi i:i"^^l?.o'Vlll‘t ‘s-ilSd at a.- ^-s dull 

and mnfili d 
Uiston lost 


of 




1 ’ 
dull and 'tm' 


IblVK ’/^'^r^-ijJiiiir'yiiioipibont w:n‘.Vn- 

ifnltd on 'd'ni'';*nn opd in lomi on 

meningeal ^ ,u\J nf lift iiad miu b ahd' 


t difil in lomi on -;2iul tin' 

nf lift iiad nuu nbilomlnnl 

;’.';,.i’';Vd'.en.ier;U''' Pulse showed mnritd larlathm^ in 

(,uaHti_ tuKl in Mt< 



bed 


( iltd in the text 

Intistiiial liiniorrhage 


I itf 1 til fiiK, flier ntul iliirrlua 

,, , , uiei'- liBi'ss wltli (bills a ‘ , „„tlnuotifI' 

mnug wUl(h ’’Vuilnc be wtudh ' ’'f", 

m .nt.rrd ^ IT) " p i, r but Burt ' 

Kr;[lo'n'‘Wa.rbA was , I’t-;'"; "'d ’''inii' i" J‘r 

-rJciTi. ‘iiaTrwkn’pnm'rM.lr. - 

,,, un- ti'dl sit (1! silt' 




ILLLSTUATING ARTICLE B1 LOUIS IIAMMAN 


oinical Diagnosis 


Desciiption of Ilciit 


Gloss 


Micioscopical 


with hvpeiplasia and nlceia- 
phoul tollitlcs of small and 
inos Acute splenic tumoi 
Ic infarcts Cloudv spelling 
Maiked lymphadenitis ot 
l\mph glands with ncciosis 
if gall bladdei Pseudo lobar 
Acute tiluiiious plcuiisc 
Mitli ulceiation of the ileum 
Geneial fibiinopuiulent peii- 
cute splenic tumoi Cloudj 

lit Cl and kidncis Chionic 

tiicuspid endocaiditis Slight 
osis Chionic ulhesne plcu 
I side CompensatoM emphj-j 
gilt lung Healed tiibeiculousl 
light lung 


Somewhat enlaiged weight 200 gm Pen ' 
caidium opaque ind somewhat thickened,' 
ospecialU alontr the cessels V.ilies noi 
mal Muscle of left aentiicle lathei palel 
ind cloudi -looking I 


M’eight 230 gm Tiicuspid and mitial 
talves show slight thickening along boi- 
deis Muscle latliei soft and biownish- 
led in coloi Cloiidi on tangential section 


The fibcis look gianular ind in some places 
theie IS segmentation The nuclear 

changes aie well marked No interstitial 

lesions except in one place undoi the epi 
caidium there aie many largo lound cells 


Fibeis look gianulai On cioss section there 
IS seen an incieise of >;iicoplnsiii with 
conti action of fibril bundles Some ‘■eg- 
mentation and fiagmeiitation I'lie 
nucleai changes an milked ind tlieic m 
a sti iking inciease in the amount of pm 
ment Marked chionic intnistitial ind 
tasciilai changes Some diffii'-t intestinal 
collections of cells 


tel Geneial scpticopiemia 
iscesses in kidnets and right' 
aeioma of aorta and toionaiv 
Bioiichopneumonia Typhoid 
of tlic ilcum and large intes 


Rather small weight 200 gm Film Aluscle 
of a light blown color and a little pale 
Quite turn and not friable 


Fibers look swollen and gianulai Mai kina': 
are indistinct Nucleai changes aie well 
marked and theie is (onsideiablc pigment 
No special inteistitial changes 


01 Poifoiation of cecal ulcer 
lulent poiitonitls Bionchopneti 
Tiioiiic fihiinous plcuiitis Fattj 
ion of li\oi w'ith chionic pen 
Clotuh swelling and congestion 
\s 

ceiation with extcnsite ulceiation 
olon Ilemoiihage Peifoiation 
Itonitis Bllatoial hidiothoiay 
ineumonln CTiionic pissnc con 
of lungs and aisicia Acute 
tumoi Cloud\ swelling of Inei 
nejs 


ctci Opeiation (amputation of 
Infected abdominal wmund 
and atelectasis of lungs Biondio 
Ilia Cloudc swelling of lixei and 
rdeiiia and swelling of pancieas 
e abscesses of kidneis Acute 
tumoi Earh aiteiiosclerosis 
g like IS in small intestines 
fee Cl Swelling and ulceiation of 
p Itches and solitaic nodules 
loiuieumouia Acute choicer stitis 
alccratlon and localized peiitonitls 
cei ebrospinal meningitis 


Dioiit noiraal sme weighing 220 gm Mtis 
culatuie of loft \entiicle soft and flabbr 
On tangential section decidedh cloudy 
Flesh scleiosis in aoita ind coionaiies 


Somewhat increased in si7o weight 380 gm 
Peiicaidium smooth and glistening Mus 
culatuie of left tentiicle consideiablv 
hjpertrophied Is him and of good color 
but on section appeals maikedlr cloiidi 
Fresh scleiosis of aoita and coionaiies 


About normal in size Muscle pale anemic 
and lathoi cloudr The tissue has i \el 
lowisli color especialh maiked in the 
papillary muscle 


Slighth laigei than normal Muscle lathei 
llabby and slightlr mottled in appeal ance 
but not markedU opaque Fiesh sclerosis 
i of 101 ta and coionirr 


Fibers look gianulai Niuleai cliangfs fan 
U well maiked and some pigment itlon 
Some s( ctions show considi i aide segment i 
tion No special intdstitial changes 
Section of coionan aiten shows pit dr of 
fiesli scleiosis 

Fibers appeal gianulai and on cioss section 
some increase in s neoplasm Niich u 
changes aie well maiked and tlieu is 
model ate pigment ition Some sogmenta 
tion Definite aieas of cells under cpi- 
caidium which in places dip down bdween 
the muscle fibeis The cells aie mostlr 
small mononude 11 with some polrmoiplio 
nucleais and manr laige endothclioid cells 
Fibeis aie rather gianulai <^0010 increase 
of sarcoplasm Niideai changes well 
I milked Mode it< fi igim ntation No 
I special interstitial lesions 


Fibeis a little gianulai Nucb ai diang< s 
not maiked One section shows slight 
fiagmentatioii No definite interstitial 
di inges 


ferei Licciation of ilcum andj 
Maiked consolidation of lungs 
gangicne Cinhosls of the lirei 
lie clirfiise nephiitis 


Not enlarged Sdciotic patches on back of 
anterior mitral leaflet and at root of 
aorta Muscle is giajish pink in color 
and lathei soft On ' tangential section 
somewhat mottled and opaque 


Some fibeis look gianular Moderit' frag 
mentation Nucleai changes wdl mark* d 
but not extensile Consider ible nigmenf a 
tion Mnni iicas of aceuinululon of 
small lound cells under cpicirdium but 
no iniasion Thinu„hout tin eonnfetiK 
tissue sjiicis the tells arc nnusiialli 
luimuous but no areas of marked infiltri- 
non Nome of the irtiri walls show a 
diioaic tliickming 


(1 feier Ilipeiplasla ind ulceiation 
limphatlc stineturcs of small ancl! 

intestines Ilcmorrhige Into bowel] 
1 tec il ulcer Cloucli swelling of' 
I Veutc nephritis Acute splenic 
01 i 


■Weight 280 gm Noiraal 
pale and somewhat soft 
at base of aoita 


in sire Musclejl 
Slight seleiosisi 


look ^ranular In som* the Pm,, 
mal strut! m is o'is<ur. d ^om. 
lolizatlon On cro=s v, ction snrn* in 
se of s ircoplasin Mark* <1 nuc P ir 
iges with pigra* ntation Mirl'd s* 
tuion ripilliries unusnalh full of 
otM(s N. \(ral an is of consul -ali! 
rsiitiil Infiltration Mui\ large uid 
II lound c-lls Mid 1 few . osino,,!)! s 
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Dnr'ition of 
lllne‘-s 


Cause of Death 


Main Clinical Feiturcs 



o 

S 

tc 

’o 


\ ^ 1 

u 

81 

' M 

M' 


)1 31 Ml B 18 fHis 


6G 17 I M M in tiaib 


Tot 32 ' M, M '3 months 


loaemii 


lo\omia M'.as so ill on admission to hospital couid gi\c no UK(or\ 

Sistei sn\s ho had been Hi toi a little o'Ci 2 uocKs with 
feaei, diniilita and blood In stools On admission Ik, was 
stupid, sallow and emaciated J’lilse was lapid and li 
legiilai and tlioie was a loud s^stoI!^- nunimu at apes with 
sonic accentuation of pulnionan second sound 

Onset 2 wccKs bcfoie admission with hoadacUc and fe\ci 
Mas ^eij lU on admission dull and tiiatlonal IMnme 
evtiemeij intovicated and died -i da\s latci Pulst was 
smill and fist Dealt sounds niulllcd I’ulmonk second 
sound acccntuited Maihed gallop ihithm foi 4 dais 
befoic death . , , , 

Peutonitis foUowiUK intestinal TaUeu lU 10 dus before admission with head ichc chlU and 
neifo ition feiei On admission was ten ill and diill Became atll eh 

^ delinous and on the 7th das had pcitovation foUowtdhi 

opeiation nnd death Mo ciicnlatoii simptoins evept a 
soft sjstohe mill mill at ape\ and oier hodj of heart 


.exhaustion 

suddenlj 


'020 ' r 1 B 3 mouth' 


ICitcd in the text 
Exhaustion toxemia 


1001 21 ' M B !2 ihij- 


lofi a M " [7 wick' 


I 1007 20 ! M 1 B 2o da\- 


im 17 I S " 22da>' 


jfoxeinia 


, 1 oxcrom 


came lathei A most unusual clinical coiiiso Fnleiod hospital aitci 1 
weeks illness with headache nialnise and fcioi On the 
27Ui hospital div tempcintinc icachcd noiinal onli to 
stait off again on an inteiciiiiont lolnpsc vl.„ 

i elapse the patient's condition was wo' sc than durin„ the 
oiiginal Illness lie looked lagged and fciei eitcn Aftci 
2 months of fovci the tompeiiUnc leaUicd noiiiiil Ki 
niaincd noimal foi 15 dais (lining which 
then slaitcd up again, nnd patient died, wasted and "®tii 
48 dn\s latoi 'i IK onli not ibic clitiilnfoM s\m[>tom was 
an uniisualh lapid pulse Dining the 
ho had SOI Cl il sinking spells In one tlio inilso going to 
ICO At tins time, too, hcait sounds had a tciulcnci toward 
ctnbi^ oc'iidl I At tlic ond dcilh citiic suddentj 

rntcicd hosnital after haling been ill for 3 '' nVlll! 

cliills fey or, nausea and "vomiting Mas oxlrcmi 1} HI m 
admission ond it scorned piobahlc that she would dli at 
ani time On 31st ilni in hospital ha, la -"hi' t'.' 
tempeintuic followed bi foui chills In the no"it ^ j 
On the 0th dm nnenmonia diiidopid On ,7 ,2,. 
dc eloped a cellulitis back of Icf ear 1 lom 'O o 

foil iiimost intiieh hi stomach tnlx f „ 

Uicic wns maiKcd abdomiiiil distention due to , 

non%f the stomach Anemia w as a prominent < ^ 
admission and Hn t the lUni 's 1 1" }>« s 

ron^lrttnble nllmmln I'U V;'"’,, ,, 1771. 'fh n 

heart 

III for fi weik'- before !l' s^ mpliim' 

• 

the end f v, r 

: norfortiDon Mas taken ucuteli Hi * OVi! m ' ood \ ondUlon oa "Iw! •'< a 


Peritonitis fottowlng perforation ‘j 


kiirdiac failure 


rnd‘ M m r .r'maiaf'i M a i" nVorrlu-: aiomi .1 

V£t, r U da" in UO'plfal had * {'rforniba f«, 

inf. in III to nboni 1 \ Vl i.-n f.-H-il u -D 

limidbi oixritlon in l' on ih. 1 'b 

ipi. toped hiicoiigh and dhd on ilvi i-m 

clrcnlaton cimpioni' ^ 

tlmi In liO'pi'al ua' (f< rat* Je i/i . .. f„S', t, e’ * ' 

*7 i';n - i '■ ' 

lul" iia' irrii-iiar r. r 4 d 'a ' 


ILLUSTRATING ARTICLU BY LOUIS IIAMMAN 


Amtomk.U Diagnosis 


fc\ei Swcliiag and uicontion of. 
s intchcs and solUaii follules Re 
toiical hemoiihige Cloudj swell | 
<£ heait, In Cl and kidncjs Acutcj 
ic tiiinoi , swelling of inosoutcuc| 
■ glands Aiteuosclciobis 


1 fo\ei Uiceiation of colon ind ofj 
1 intestine Cloudj swelling of livei 
idnots Bioncbopneunioiiia Ilemoi-: 
1 C infaiction and edema of lungs ■ 


dual opeiation wound Tjplioid fetei 
lation of ileum and cecum ind mucosa 
appendix I’eifoiation of ulcei in 
11 Gtneial peutonitis Aosecss 
lion in both lungs Rtonchopneu 
in, libilnopuiulent plemisv 
id fcvci I'lesli and healing ulceis m 
colon IIj pci plasm of the Ijmph 
.Is Acute splenic tmnoi Bionclio 
amonia 'ijphoid ukcis in the ap- 
di\ local aieas in the Inei 


Desciiption of Ilcait 


Micioscopical 


Gloss 


Muscle of medium fiimncss Pale led coloi 
On tangential section shows a numbei of 
small \ellowish spots and a few minute 
licmoi i liagos Papillaij muscles show 

some liemo ullages 


Not enlaiged Dpicaidium m places thicken 
ed and wdiite Muscle of light vontiicle 
flabbj’ and soft Muscle of left aentiicle 
latliei giai and somewhat opaque but 
shows no distinct patches ot fibious tissue 

Not oiiiaigcd Fanly film m consistencj 
Muscle gi u and i ithei soft Homogene- 
ous in apptaianco No evidence ot fattj 
change 


iMaiked ■vacuolivation of fibets, especially on 
I Cl OSS section Some segmentation Nuclcai 
changes aie paiticulaili maiKcd and theio 
IS extensne pigmentation All the con- 
nectixe tissue spaces aie richly cellulai 
and theie aie numeious aicas of con- 

siderable inhltiation Both the fibei and 
inteistitial lesions aie quite well marked 
Fihcis show no muked changes Nuclei 

aic laige and vesiculai but not extensively 
so Some ineiease of saicoplasro No 

segmentation Some small lound cells 
thioughout the connective tissue stiands 
but no laige aieas and no intiltiation 
Sections show veiy feiv changes Some 
nuclei aie modeiately swollen and the 

pennucleai space enlaiged Some ‘‘cement 
lines” aic visible Capillanes aie lathci 
full No inteistitial infiltiation 


Not enlaiged Sinfacc smooth MusclOj 
somew hat soft On section not homoge 
neons but shows opaque xcllow patches 
scatteied hcie and thcic Root ot aoita 
shows a few small patches of beginning 
scleiosis Scieial patches of iiosh yellow 
scleiosis in coionaiies 


Veiy extensive nucleai changes Greatly 
swollen and pennucleai spaces much in- 
ci cased Some fibeis show vacuolization 
On cioss-section well-maiked and wide 
spioad inciease in saicoplasm Some seg- 
mentation Many small aieas of cellulai 
accumulation tliionghout the inteistitial 
tissue and notably about the blood-vessels 
No infiltiation from these aieas Some 
chionic fibroid patches Aiteiies show 
some chionic thickening 


Old fcici Iloaled nicois in the lutcs 
os Dilatation and displacement of 
onmch Lncapsulatod filninopuiulent 

enrisi Bionchopnonmoiua Chionic 

oHfoiatiie pelMc peiltonitis Fatty de 
'ueiallon of the rajocaidium 


B eight 2 j 0 gm Supeificially eieijwbeie 
smooth Muscle lathci giajish Softj 
and flabby, and fanly homogeneous On 
tangential section shows a unifoim gray- 
ish opacity In papillaiy muscles some 
opaque lellowish specks and i close in 
spection of then endociidial sniface shows 
the mottling chaiacteustic of fatty de 
genoiation 


The nuclcai changes aie well tnaiked The 
fibers look a little gianulai The peii- 
' nuclcai spindle is enlaiged and theie is 
model ate pigmentation Mai Iced fiag- 
mentation Beneath the cpicatdium 
nnmeious collections of cells yvhicli dip 
dowm between the muscle bundles Small 
11 pas of cellulai accumulation thioughout 
the section Cells aie mostly small mono- 
nucleais, but theie aie many polvmoipho- 
nucleais and some laige mononncleais 


■Iioid ley Cl Multiple iilcois in lojnnnm 
'leuin and huge intestine In sm ill intes 
ine uIlcis ue sloughing, in Inge up 
aufiuciit and diplUhoiitic Fniaigement 
of utiopeiitoiipil and inosonteiic glands 
Oik suppmatmg glind 1 att\ degenoia 
lion of licnit uiusOp Gieit emaciation 
Ik'd son tciile bionchopneiimoni i i 
phold fey 01 Swelling nul uiceiation of 
l’p\pi s puclies with slough Unniition 
uipiipiasia of lymph glands and spleen 
I’oi il uecto‘'es of liyoi Rionthomicii- 
nioni 1 ‘ 


\ piloid foypi Opeiation wound SutuiPi 
of ppiforalcd intestine Diffuse poiitoni i 
I i illu of ill oiguis (gasj 


TNl'hoid fpicr Sloiichtug iilcois in the 
ill lun mid colon Histintion of intestines j 
Ilvpprplisli of nicsentpric hmpli gl uids 
Vciitp spitnic tumor lobar pnpumonii 
\nUo sorolibrinous ptcmi'-\ 


M eight 200 gm Noimal si/e Muscle pale 
and j cllow isli blow n in coloi Consistency 
soft 


M eight SO gm Poiicaidial lajcis edema 
tons lleait extiemely soft and flabbi 
aiiisole has a wateic appeaiance giayish 
cellow m coloi The oigan is excessively 
soft and conapscs in the hand 


Weight "SO gm Fpicaidial smfaco smooth 
Colon l^^ artcues filled with gas Muscle 
extiomely soft and flabby Has a gray 
gianniar appeal into on section 


Weight 220 gm *?mfaee sniooth Muscle, 
fiiilv firm and oi a uniioini biownish l 
rod color 


Fibeis do not shoyv the muked fatty degon- 
ciation destubed in gioss specimen Look 
gianulu but stuation well pieseiycd 
borne fiagmentation Nucleai changes 
maiked borne fibets show xacuoli/ation 
but this change not maikcd borne scat- 
teicd cells thioughout the inteistitial tis 
sue but no definite inteistitial infiltration 
In spite of the extiemo softness of heait 
iniisck the micioscopif lesions aie not 
espeeiilly stukmg Moderate nucleai 
changes with some pigmentation Consul 
eiable saicoplasmic inciease blight frag 
nuntation Collections of small lonnd 
cells imdoi epicarduim and about blood 
yessels but no tendi nci to infilfralion 
Fiber changes are definite but not striking 
Bxfensne fingmuitiUon somo nncJeai 
change and a little pigmentation No 
marked increase in sarcoplasm Fibers 
appiar granniai Ilemoiihage between 
fibers i olkctions of small and large 
round cells iboiit blood y essols but no 
interstitial intiltrition 

'ciigbt fragmentation Nucleai changes mod 
trale ''ome sarcoplasmic increase About 
blood yessels ind throughout interstitial 
bands stnaii collections of small ind largo 
{ lound cells No df finite interstitial m 
, tillrition 



TABLE OF CASES OF TYPHOID SHOWING CONDITION OF HEART MUSCLE 
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0 

Ec 

JZi 

o 
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'o 

o 

. o 

O) 


21 

1884 


Duration of 
Illness 


Cause of Death 


Main Clinical Featuios 



o 

"3 


o 


19 


M 


B 


14 dajs 


Poiitonitis 


following perfoiation 


Onset 5 dais hefoio admission to hospital nith feiei held 
ache and stilt neck In good condition on admission lint 
tcmpcintiue Mas high On Gth die doi eloped alHlominal 
pain Ahdoniinil simptoms became moie maikcd and 
patient died on 0th hospitil dn 


22 


1827 


42 


M 


W 


3G da>s 


i’c^emia 


Ilemoiihagic 


t\ phoid 


Admitted aftei haiiiig been ill ncaih 4 weeks wltli chills 
and feiei and headache On admission was sallow ind 
emaciated and iei\ ill Doielopcd nnnicions hemouhages 
into skin and iiad blood in stool and spntnni Became cei\ 
dull ind stupid and the last lew dais of life had niiikid 
dispnci Ho lit sounds weio faint ind distant Piilsi 
iiiaikedli iiiegnlai the last 10 dais Ridiil aitcilcs con 
sidciabli thickened 


23 


1806 


33 


B 


Indefinite 


Died in coma aftoi coninlsions iPaticnt leii ill when she ontcied hospitil 'slioitli iftei 

admission had a mimbei of seicic coninlsions passid into 
coma and died 7 lioiiis nftci Clinicilli the lasc w is 
I consideied to be uiemia and a collect diagnosis was made 
I onli at intopsi llie histoii giicn was lint patient was 
I taken snddenli ill with i sliaip chill "i diis bofoK admis 
I Sion No caidiac simptoms nude out but the cvaniination 
was not satisfictoii 

1 

I 


24 


1780 


38 


W 


22 dais 


Peiitonltis following cholecistitis patient admitted to hospitil dull and ill aftoi J links of 
ind poifoiation oi gall bladdei ' feiei luadaclie and diaiihci On adniission had piln and 

tcndiiiHss In light hi pocliondi inm Signs of piiltonllls 
, bciame moic and nioie pionilnent No special ciiinlatoii 
fen Hues 


1774 


26 I 1708 


27 I 1654 


32 


14 


20 


M 


W 


M 1 W 


JI > W 


13 dajs 


0 dnj‘ 


14 dais 


loxcmin 


1 oxeniia 


Toxemia 



I 


llakeii ill 12 diis liefoie admission with fciii and geniial 
I constitutional simptoms On admission was iiialloiial 
and stupid Pulse becanie lapldli weikei and the [latb nt 
Cl inotlc ind tin follov Ing dai dlid Patient was ix 
tremeli obese No clrcnl itori feitnus 


Patient had preilousli been In the hospital with malaila ind 
\ildlson s disc ise Was takdi abinptli ill 2 dais before 
admission with fciei Was deepli intoxicated on admis 
sioii and grew giadnalli noise and died on Oth hospital 
‘ dai No circuiatoii fiatniis 

[Onset of IIIiKss 1(1 dlls bi fore admission with f<iei load 
ache and wenkmss n id been dclitioiis bifoie admission 
I Mas (xtremeli 111 w In n In intfud hospital high fiiir 
and dtllrlnm Bicann more and mou dfipli intoxliatid 
and (hiclojnd a niaiked trimoi Died on 1th hos|)ltal dai 
On admission pnisi was icii liiignlai and remaltnil so at 
I Inteiials IBnit sounds dcir but ai)]ii o ii blng imbiio 
cardla 


1042 


I 


II 


Xjipari n li 
dais 


IS loxemia Di nth 
f bloodi lomiting 


prcct lied 


! 


l)i'( \dmltted to giriMidogb sihJk (omplnlnln„ of nbdoniltnl 
imln Oji'rit'd on and tnbis iirnoiid 22 dais laK r a 
sirond o|> ration for r< b asr of Intistlnnl idinslons 
Ililrtiin finis aflirsieoinl oi>i ration ti niii< rntiir* login to 
I risi 1’ dais bit* r intbnt bi^nn to londt blood ninl con 
I tlnind for I diis wInn s|n dbd from exbnnstlon J liron.b 
out conrs had consbbnbb nbdomiri il piln No mnisii ll 
clrctilntori smiiitonis 



ILLISTHATING ARlICLi: El LOLIS IIAMM V\ 






lABLC OF CASES OF TIPHOID SHO^M^G CONDITION OF HEART MLSCLE 


o 


29 


tc 

"o 

So 


1618 


30 


27 


1600 


31 


M 


_o 

"o 

o 




Duration of 
Illness, 


Cause of Death 


3 Meeks 


21 


TiSl 


10 


M 11 


16 dajb 


12 Ij't) 10 


I 


IMi 2() 


AA 


M AA 20 d<i> 


25 ( ai s 


Intestinal hemoiihagc 


lo\emia 


llemoiihagc Ilemoulngic tj 
plioid Mithout intestinal lesions 


lo\eniia ( ’’) Died aftci convul 
sious 


34 


14i2 


46 


M 


Jl 


AA 


20 daNs"^ 


65 dais? 


To I 1150 


reiitonitis folIOMing intestinal 
poiforation 


exhaustion Death occuiicd sud 
denlv 


Main Clinical Features 


Patient taken ill 3 Meeks befoie admission nlth feiei and 
chills Duiing this time had wandeied about stiects sleep 
ing in maikets Had a large liemoiihage on moining of 
admission AA as veiy ill Mlien he enteied hospital and 
eiidently suffeiing fiom loss of blood Aftei admission 
bled contmuoiislj fiom the ben's! and died the folloning 
dai No special ciiculatoij sjmptoms 


Aftei an illness of 7 days m ith fevei, headache, nausea and 
some vomiting enteied hospital AA'as veij dull and 111 on 
admission but in good geneial condition On 4th ( ii 
developed pain ind tendeiness in light iliac fossa Mhicii 
inticased in mtensitv and on the 7th daj lapaiotomv nas 
peifoimed No intestinal poifoiation nas founJ out an 
acute appendicitis with some fluid about the cecum tn 
tient did nell aftei opeiation until the 2nd dav ''•’cn 
his pulse lapidly lose to ICO and he giadualh sank on 
admission and aftei flist sound at ape\ nas noted 
a murmuiish qualitj No othei unusual ciiculatoij svinp 

toms noted nnd 

Fnteied hospital aftei being ill 5 dajs vvith headache an 
fevei Patient was deeply intoxicated and 
Oth davs had vomiting On 12th di\ 

Bleeding fiom nose and fnjicons^membiancs^of moutl.^^c^^^^^ 


JL>iirCUlUK ilUllI liVOU till* --- — 

tinued unmteiiuptedli and patient 
and hemoiihagic spots in skin Became 
and died on 20th hospital daj A vuv a 

the onlj' ciiculatoiv sjmptom On admission theie 
sjstolic niuimui at the apex 

Patient enteied hospital aftei an “Lie of 'toxenim 

headache fevei and abdominal pain developed 

incieased in seventy Gieat niusculai tvv itclim,, liospltal 
and aftei sevcial convulsions patient p-iln 

daj Thioughoiit illness kTd tonsideiable abdomina^^I^ 

and tendeiness suggesting pel f 01 ation 1 11 ■- ap 

small volume Ileait sounds bluucd and iiiviup 
pioached embijocaidia 

Fntcied hospital complaining of Jpf/o,nirinl 

111 12 davs Mith fevei and TbdommM P^‘" t 
svmptoms became moic "iTikcd and pane Mcakei 

on on the 7th day Aftei opeia ion g cm othci 

ind died on the 14th daj Pulse lathei slow 
ciiculatoij svmptoms i eiit iclap'O !’» 

A piolonged attack of fcvoi " ,\ith fever 

tient had been ill C " lemained at work 
pain in chest and cough, TlthoUoh he developed 

On admission Mas thin and «j,d Chevne Stokes 

left sided hemiplegia follow cd bv stupo and cireiilatorv 
bieathing On 23id daj admission signs of 

svmptoms oxtiemclv P*®™'’'®”*- , and accentuation of 
mitial insuflicioncv (“^^stolic muimu am^ ■“■,®,^Vl?a 

pulmonic second sound) oualiout illness Befoie 

pulse Pulse lemained iiregulai thiouguuu 
death gallop ihvthm 

History lost 


i 



ILLUSIKATING ARTlCLi: BY LOUIS HAAIMAN 


Anatomicil Diagnosis 


Ijpliokl fe\ei Mam duty-looking ulceis in 
tlio loispi iloiim and cetuni Gieat swell 
ing of I'oMis jiitclips and solitaiv folli 
cles Ilenioiiliago fioin bowel Clouds 
swdllng ol niisenteiic 1\ nipli glands 
lieait muscles and Kidnejs Fatty Inei 
Acute splenic tunioi Fiesii bionclio 
pneuinoni i Fatti change in endollieliuni 
of aoita 


Isphoid fcsei Llceis in ileum and colon 
llspeiplisii of mesenteiic Ijmpli glands 
Acute splenic tiinioi I’aienclijmatous de 
geneiation of kidneys 


liphoid fe\ei w'ltlioiit intestinal lesions 
Ih pel plasm of Ijiupli glands Acute 
splenic tunioi Aneniia subcutaneous and 
siibscious eccliMiioses 


Desciiption 


Gloss 


M eight 240 gm Muscle soft and opaque 
Gias in coloi 


M eight 300 gm Mjocaidium flabby, opaque, 
of a pale jellowish color 


B eight 120 gm Numeious eccliymoses on 
epicaidium Musele pale blown in coloi 
On section aie seen a few ecchymoses in 
muscle substance Muscle is flim Xumei 
ous ecchjiuoses on endocaidium 


M eight 225 gm 
clc of opaque, 
what soft 

iigecl mosciiteiic glanUs Acute splenic, 
tiiinoi battj degenciation of Iivei andj 
of Iiitima of aoita Cloudy swelling ofi 
Ill^otaldiuln and of kidne-is Ficslr 
bioiichoimciiinoiii 1 | 


liphold fe\ei Numeious supeificial ulceia 
tions in lowei pait of ileum, in cecum and 
in lectiim Oldei ulceiation in the cecum 


Peiicaidium noimal 
1 eddish blown coloi 


Mils 

Some 


I’cphold fc\ei Swelling and ulceiation of 
1 c\(i s pitches and soiitan follicles I’ei 
foi itloii of tiphoid ulcei Fibiinopuiulent 
peiitoiiitis Acute splenic tiimoi Ilipei 
plasia of iiiesciiteilc h niph glands Ulceis 
of stomach Acute nepluitis 
liphoid fe\ei llialed ulceis in intestines 
Mo(l(ii(o splenic tunioi Ihioinbosis of 
left iliac iiid femoial leliis Embolism 
of leiia (ilia infeiioi I’aiietal tliiombl 
111 left lent lick Lnibolism of smallei 
piiliiionari aiteiies Infliction of light 
lung Bronchopnoumoni 1 Anemic in 
faicts of kldiicis Flbiiiioiis plciiiitis 
Infant Ion of spleen liibciculosib of cei 
lUal iMiiiih glands 


Weight 270 gm Alu^clc quite fiim in tex- 
tuie Blown in co'oi I 


Weight G20 gm AaUes noimal except 
mitial shows slight thickening Right 
auiicle and vcntiicle gieath dilated and 
inaiked thickening of light ventiicle left 
auiicle and lentrklc somewhat dilated 
and papillaii muscles flattened Several 
film thioinbiis masses between trabecula; 
Aliiscle soft ind flabbi On taimentlil 
section shows mottling 


'liphold feiei 1 Uei ition of I’ciei’s patches 
and solltaix nodules In iUuin ind colon 
\cnte spUiilc tunioi I'areiuln m itoiis 
digiiur Ition oi kldnexs md lixer fleers 
in liixnx rulmonaix Infmt ind edema 1 
llxpeiphisii of esophigeil Ixmph glands! 
t.istilc and intistlnil In morrh iges ' 
llemorrh iglc dl ithesK 


lleait muscle pale 


feels soft 


of Ilcait 

Micioscopical 


The mjocaidial changes aie cxtensixc 
Inbeis aie gi iniilii ind in places the stii 
ation is obscured Alaiked saicoplasmic 
inciease some flbeis on cioss section hat- 
ing flbiil bundles onlt about the nciipheix 
In some aieas the muscle cells hate been 
completelx destioxed Nucleai changes 
aie maikcd Extensive diffuse and intense 
local aieas of inflltiation Laige areas 
of inflltiating cells undei the peiicaidium 
Edema of intcistitial tissue Fresh ( ’) 
connectne tissue foimation Sexeial old 
aieas of connectne tissue with flesh in 
fllti ation about them 

Maiked flbei changes Xuclear changes ex 
tensne Consideiablc saicoplasmic in- 
ciease Maiked fiagmentation Some 
vacuolai degenciation and in places a fexv 
flbeis aie completelx degcneiated The 
Intel stitial lesions aie definite but not 
neailj so intense as in othei ca^es The 
cells aie mostlx small and laigc loiind 
cells with ecccntiic nuclei Ilcmoiiliagc 
into muscle Some cliionic thickening of 
aiteiial xvalls 

Most extensive flbei and inteistitial lesions 
Maikcd saicoplasmic inciease Many 
flbeis shoxx maikcd x icuoliyation Isuclcai 
changes maikcd No special fiagmcnta- 
tion Many muscle flbeis liaxe undeigone 
complete disintcgi ition leaxing degcnci 
ated nuclei The inteistitial changes aie 
extensile and intense Aieas of infilti i 
tion iindei peiicaidium and thioiighoiit 
the muscle A sti iking featuic is the 
laige nunibei of eosinophils Milked 
hemoiihage into muscle and edema 

Niideai changes modeiatelx well maiked 
Flbeis look gianiilai In papillarj muscle 
consideiablc saicoplasmic incicasc but 
none (Isexxheic (cnicnt lines pionii 
nent No definite fiagmentation Niimer- 
ous iieas of cells iindei epicatdiiim but 
no laige aieas of infiltiation Connectixe 
tissue spaces lich in cells but no laige 
accumulations 

Nucleai changes xxcll maiked “Cement 
lines’ appaicnt and occasional fiagnicnta- 
tion No Intel stif ill change 


Maiked niuhai (hi.i,.eq Pigment ition 
Slight fiagmentation Fibcis show sarco 
jilismic Inciease md some xaciiollr ition 
In small iieas the fioeis seem to bo under 
going complete elogeneration Niimoroiis 
Iieas of inteistifiil Infiltration some he 
ginning iineler epical eliiim others in the 
eonniciixe tis'.in b inels (^e 11s small inel 
largo mononuclears with some polx inorriho 
nucleus and lu„c cells xxith eccentric 
nuclei Vre is of ehronlc fibtold ch inge 
xxith flesh infiltrition 
Mode rite nude ir e hinges and pLmeritatlon 
Some fiagmentation I ibe rs look gr iniilar 
No interstitial iban,_cs 



TABLE OF CASES OP TiPHOID S^OWI^G CONDITION OP HEART MLSCLE 


^ o ® 
cs^ tc 



Duration of 
Illness 


Cause of Death 


36 1439 20 F B 28 dajs 



37 1437 1 17 M B 25 dajs 


Vcute lobai nnounionia IB foi 18 dais with fe\ci headache and abdominal pain 

befoie admission to hospital On da^ of admission and 
snbseQiient 3 da^s blood in stools amounting- in all to 
iboiit 1 litoi On 3id da\ pitiunt dcieloped lobei pneu- 
monia and genpial condition became progiessheh woise 
to time of death on 14th dnt Ilcait sounds feeble and 
pulse occasion ilh iiicgiilai Batei lust sound icduplicated 
at ape\ 

ro\cmia Died rathei siiddenlc 111 foi IG da\s befoie admission with fetei and feeling wciK 

and miseiable Patient liad a ten high tempeintiiie and 
Intel became deeplj lutovicatcd On 2nd dat aftei ndniis 
Sion, cmbn oc iidi i pulse ten i ipid ind at times iiiegulai 


1432 21 M "VN 16 dajs 


Poiitomtis following intestinal Onset 12 dnts befoie admission with hendnche genoial 
peifoiation mal use and fctti On 4th dot patient doteloped an 

abscess In loft siibmavillnn gland which was incised On 
17th dat had small heinoulinge followed bt stmptoms of 
peifoiation and ginonl pciitonitls Sank lapkllt and died 
on 24tli dat Ststolic mill mill at ape\ with maiKed 
icccntuntlon of both second sounds 


39 1415 


41 1175 28 M 


16 dajs Peritonitis following 

jieifointlon 


13 weeks" His io\emIa 
torj of onset 
IS indefinite 


I oM niln 


intestinal Patient cntcicd hosiiitnl in good genoial condition iftci 
luting been ill 2 weeks with fetei wcikiuss and iiausei 
On did tint stmptoms of pcifontion and opciation the 
same d it 2 dnts Intel a second opci ition foi genoial 
peiitonitls followed In 10 lioiiis bt death Soft ststolic 
iniiriiiiii at ni)e\ with iKCcntuatlon of second pulnioiiic 
sound 

Pitient III foi 10 weeks befoie idmisslon with stomach 
tioiiblc ind chills iiid fctoi Condition fail It good but 
mind wandering Pitient has an oxtonsite plciiilst on kit 
side phlebitis of light pojilltcal tciii Aftei admission had 
i iiiimbii of thills followed bt pioftise stt citing lauiidiccd 
on admission iiid nmilmd so to time of death 'lowiiid 
< nd bit ithing btt iiiK liboiid ind patient ttaiiotlc Pulse 
giadiiallt failed last few tilts of life pukt was iiitgulu 
second jiulmonk sound itteitiiited 2so iniiiniuis 

Onset 10 dats befoie admission with fetci, headaclie ind 
dial 1 hen In good condition on admission luit Intel bo 
< Hill deepit Intoxlcited with markid siibsultus and 
rlglditt of iiiiis ind kgs Settle nosebleed on 1 !th dat 
followed bt blood In stools On admission he lit sounds 
ekai Init I iti i a ststolic muimiii dctcloped with iciintiia 
tion of the second piilmonk sound lottaid end piilsi 
bee iiiu siiiall and thiiadt and teit liiegulii Paitiiii: 
tt IS d( 1 pit ttniio'-i il and de tilopi d Clu tne ‘^toke s bieathlng 


42 1147 31 M ! B 27 diij- 


43 1117 B M' B bl.lat- 


erltonitls following Infestlnnl j „tii(il hospital In good ge m i ii (onditlon afti i an llliuss of 
perforation 12 dats with fitei and In lelitln On 5tli dat had abih ml 


perforation 12 dats with fitei and In iditln On 5tli dat had abih ml 

ml tnin and Ilnu ttiit Indi liniti sl„ns of pi if.u .tioii 
On tin 1 .th dat tin sl„ns biiamc |iiomiinnt Opi i ithni on 
I'lth (lit followed tit di itli on tin If.th Ik ai t sounds 
(hstrllnd 1 -. In iiu faint and distaiil and tin first muiid at 
api \ IS of an Iiidellnili (|ualllt 

iiienl snphtlococtus lnf*cliou On^i l of lllni '• dats in fon admission ttllli Inndacln and 

piln 111 llnilis and ttiilin-.s Pathnt in good giinial 
( onditlon on adink-lon tint lali r In t inn IiiationnI ami 
] drowi-t and dull etn 'ith dat tlnn was pain and niaikid 
I w(inii„ of rUlit piroild ^land tthhh tta'- opi in d arm 
‘ drilind on tin 11th I ilhiit grew grnduallt worst and 

I dltdon tin 1 till dat No < In iilalort stiiiptoais ollnr tlian 

, tin liisi sniitid hating a muimiirlsh (|ualltt 


i 










ILLUSTUATIJs’G ARTICLE BY LOUIS IIAMMAN 


Anatomical Diagnosis 


'iiplioid fevei Iljpeiplasia ulceiation and 
ncciosis of Pevci s patches and solitaij 
follicles Aciile cnlaigeinent and netiosis 
of inesenteiic glands Acute cioiipoiis 
pneumonia Pulmonaiv edema Cloudy 
spelling of livei and kidneys Acute 
splenic tiimoi Chionic adhesne peiitoni- 
tis Cliionic adhesive pleuiitis Acute 
fibiinous pleuiisj 

T^phold 1( VLi I Icention in colon and 
hmphatic hjpciplasia Ukention in 
ileum llipeiplasia of mesenteiic lymph- 
glands Acute splenic tumoi Cloudy 
swelling of Ihei and kidneys Slight 
bioncliopneumoni i and atelectasis Old 
pleuial adhesions 

'Itplioid fetei XJlceis in the ileum Pei- 
foi.itioii of in iilcei Geneiali/ed peii- 
tonilis Veute splenic tumoi Hypei 
phisia of mesenteiic lymph glands Sup 
poiativo Inflammation of loft siibmaMllaiyi 
gland Uioncho pneumonia with abscess 
loimation 


'Itphoid fctci Ulceiation of ileum and pei 
loiation of intestinal will Acute geneial 
libiinopuiulent peutonitis Acute splenic 
tumoi lltpeiplasia of lymphatic glands 
CloiuR swelling of Ihoi and kidneys 


Tvphoid fctei (healing ulccis) Acute 

splenic tumoi with mlaictions Cliionic 
aoitk endocaiditis Chionic diffuse neph- 
litis Slight bioiichopneumonia Adhe I 

sions between diaplnagni and left hingi 
and spleen 


Desciiptiou 


Gross 


W eight 200 gm Muscle pale and almost 
puie blown in coloi 


U eight 395 gm Few small ecchymoses on 
posteiioi suiface 


Valves aie delicate and compensate Muscle 
ippeais slighth softened and is lathei 
opaque and cloud\ in appeaiance 


V eight 250 gm Peiicaidium slighth con 
gcated lahe maigins cleai 


Pciicaidium smooth and glistening Aoitic 
valves somew'hat thickened Tw’o coio 
iiaij segments bound togethei Muscle 
teiy soft and flau^y 


of llcait 


Micioscopical 


Pibeis in places aie gianulai Maikcd 
nuclear changes jSIodeiate sarcoplasmic 
inciease Extonsne fiagmentition Small 
accumulations ot cells undci epicaidium 
and about blood-r essels Iso lutilti ition 
Ilemoiihage into muscle 


Xncleai changes maiked Pigmentation 
modeiate cement lines” piominent 
but no fiagmcntation Sections not seij 
satisfacton 


Pibeis look gianulai Aucleai changes and 
pigmentation milked Maiked saico 
plasmic inciease Ao fiagmentation 
Aicas of infiltiation under cpicaidium lud 
lathei extensile infiltration in papillaii 
muscle Aiteu w alls somew'hat thickened 
and theie are aieas of appaientlj chionic 
tibioid change with fresh inflltiation about 
them 

Fibers a little gianulri Nuclear changes 
veij well maiked and moderate pigment a 
tion Iso sarcoplasmic increase No 
i acuolivation Slight fi rgmentation No 
interstitial changes 


Fibers are gianulai Maiked nuch u 
changes and extensile fragmentation 
Consideiable sarcoplasmic inciease ( ipil 
lanes unrisualli full of leukocitcs but not 
intcistitiil iiililti rtion 


liplioid feioi Medullan swelling of 
limphitic tissue in intestine Slight ul- 
cei Ition and bwclling ot mesenteiic limph 
glands Acute splenic tumor Henioi- 
ihagi into intestinal can il Chronic ad- 
hesiie peilciiditis Chionic pleuiitis 


liplioid fold Intestinal peifoiation Gcn- 
01 al libiiiiopuiiileiit puitoiiitis Ileiling 
uktis In ileum, cecum rnd apjiendix 
flight ileocolitis Suppuiating pcutonerl 
glaiKls lento splenic tumoi Cloudy 
swelling of kidneis 

liplioid fcioi Swelling iiul super ficial 
iihoi Ition of follicles of small iiid Inge 
intisdiics Diffuse hemouhigic inlilt ra- 
tion of mucous uiembiane of inttstincs 
Distention of ,,all hi uldei with peiicistic 
Inllnnmation liiei ibseoss ind nctiosls 
Vbsee'ss of gasti ohep itic limph glands 
Multt|)Ie lung nbseosscs Itionihopneu 
monl 1 leutc llbriiious pleniisi Mnl j 
(ipb kCiiiui Uiscosses lento splotik 
tumoi P lunchi nntous dogonoration of 
kldiui- suiipui Ition of piioiid gl i ids : 


Peiicaidium adheient oici whole heart bi 
leil-likc adhesions Ilcait weight 310 gm 
All lalies delicate and competent Endo 
caidiuin smooth Miocaidium appaientlj 
nor Ural 


Height 250 gm Muscle a little opaque 
film ippaientli but little alteied from 
noi mal 


Weight 320 gm Peiicaidium and epi 
eaidium smooth 5 ilios delicate Con 
bisteiKi of hoaits flesh film 


Fiheis in places gi inul u and stnat ion 
obscuied Nuclear ch ingcs maiked Lq 
ment lines eiidcnt but no sepriation 
borne sarcoplasmic inciease but tills fci 
true not maiked Scieial auas of lathci 
extensile lutilti ition espi cinlli In impll- 
laii muscle 51 nil luge itc is of iniilti i- 
tion undti the ciilcaidium Mani of the 
chnictciistu cells found in all tin cisis 
with inlilti rtion but especialli picdomi 
natiuff lu (- — T . , 

No miiMd tlnivs otlni thin tli< j' 

whch 111 lug' and swollen iiid dis 
toi t( d 'soim si^mintition 
sniill lonnd cells mid. i th. pel k ai dium 
ind thioivhoiu tin lonn'Clln, tis^m 
spicis bat no d. tinite hiblti itkm l.'twcii 

ribrrs^iK gianulii and In sonm strlatlon 

obsciiud Niick ir <h mg' s marl'd (* 

niont lim pioiiiirKiit but no iri^iucnt i 
lion Onli mo'l. rue s utopl isink In 
<icis( Nuni'ioiis 11 ' IS of hifUtntlon 
nii'h 1 tin 'pkiidlnin m«l i n'loc irdiiim 
Infiltriiion of miisck j.irtknlirli mirl.d 
in pipill III mi!'' k 





THE EUNCTIOHAL HISTUEBAHCES IH PAEOXYSMAL 

TACHYCAEDIA 

ARTHUR D HIRSCHFELDER, HID 

IlALmiOEC 


In studjnng the attacks of taeh3caiclia A^nch haAe been knoA\n since 
tlie description of Cotton in 1S67 and ndiich Bonvciet ]ias designated 
as “essentiaP’ oi “idiopathic” paioxjsmal taeJijcaidia, it is necessan to 
distinguish ATry carefiillj' betAAeen “ 25 aro\ 3 snis of taclp'caidia” and idio- 
jiathie parox3sinal tach3'cardia In the oidinaiy taclucaulias of emo- 
tion, excitement oi exeicise, the iiulse-iate giadnall) quickens and 
finally reaches its maximum, and Aihen the cause is oA-^ei the late sub- 
sides gi adua]l3' In the idiopathic paio\3snial taclncaidia the rate 
rises and falls suddenl3" The heart-beats lust pieceding the paioxAsm 
liaA'e the usual late With the second heat of tlie paioxAsm the heait- 
beat IS already about double that of the pieceding and has leached the 
maximal late of the paiox3sm The late then continues piaeticnlh 
unchanged thioughout the paio\3sm, and AAuthout Aiaiiiing the pai 0x3 sin 
subsides as suddenly as it has come 

This sudden onset and sudden subsidence is quite unique and distinct 
fiom the ordinal y effects of the cardiac neiACS Tlie changes of latc 
liom stimulation of the cardiac neiA'es fiom emotion, excitement 01 
exercise ncAci aie so sudden Then mode of action is tApi/ied b^ a 


patient aaIio, duiing a 3001 aftei an attack of t3plioid /caci A\as subject 
to attacks of j^alpitation and lathei sudden onsets of taeliAcardi.i so 
that theie aaus a suspicion of idiopathic paiox 3 sinal tacliAcaidia At 
the beginning of the examination his pulse A\as GO pei miniite A'^ I 
began to get the cardiosjiliAginomaph leadi, lie became excited and m 
suceessne quaiteis of a minute his pulse-iate ro^e fiom 1j to 20 to 
and in the last quaitei of a minute to 30 itliiii one minute tlie puhc 
rate had doubled but the change of late A\as giadual and not sudden 
It AAas eAident that this aaus not idiopathic paioxAeinal taclixcardia am 
the subsequent liistorA of the patient pio\ed conchmiAch that it 

The AieAAS of the oldei Aviiteis, that paioxA^mal taclncaidia m 'I* 
result of a Aagus neurosis seem to be dispioied Gcrhaidl am a e 
Hirschfelder have shown that paroxysms cannot be pioduced in pafien 
liA parah/ing the vaui A\itn atiopin between attacks and excn = i 
lating the acceleiatoi neixes Iia exeicise Avliile the ]»ationf - 'a,.i 
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paiah/ccl \m11i atiopin, fails to bimg on an attack Moieovei, S T-Iyman, 
w 01 king niulei Sn Vicioi Jloisley, has pioduced lesions of the vagus 
nuclei in the inodulla in a laigo senes of dogs and monkeys, but this 
lias nevGi gnen use to paioxysinal tachycaidia It is evident, theiefoie, 
that aiiotliei mechanism must he songlit 

The lenoiis tiacings taken fiom patients with paio\ysmal tachy- 
caidia haic shovn two t^pes and a hiimbci of cases of each have been 
lopoiled (1) the aiiiicnlai tjpe, in which the auiiculai ples^stolm 
(o) nave is pi evened thioughoiit the attack, and (3), the ventriculai 
l\])c. Ill mIiicIi the a wave is absent fiom the venous pulse 

It Mould appeal fiom clinical manifestations and expeiiinental evi- 
dence that these turn types lepiesent merely dilTeient giades in the in- 
toiwil> of the same condition and not the lesiilt of totally dilleient 
caincs * 

ddie cause ol this change piobably lies not in the extiacaidiac neive«, 
but in an iiici eased iiiitability of the heart-muscle, oi, if the neuiogenic 
thcon is adopted, in the ncive-endmgs ivithin the heait-muscle 
Although such changes in late have never been observed from stimula- 
tion ol iicivos, they have been pioduced by incieasing the iiiitability 
and ilivtliimcitv of the muscle Luchvig and HotTa m 1849 and, since 
then, muiicious other observers have demonstrated that weak faiadiza- 
tion of the inaiiiinalian heart gave use to a sudden mciease in the heait- 
laio. Millie strong stimulation caused iibi illation Hiischfeldei has 
shown that this mciease in rate amounts to an almost exact doubling, 
and that it comes on absolutely suddenly, .lust as is found in paroxysmal 
tachycaidia It aho subsides suddenl}, Mithin the space of a single beat, 
Mliich “^till fuithoi bears out the paiallclism (Tig 3 A and B) 

The exact cfTcct of such faradization vanes Math the intensity of the 
‘stimulus and with the iiiitability of the heart If the stimulus is a very 
Moak one there is no doubling of the late, but there are occasional 
extia'?! stoles The exti asystoles may even accompany every'' alternate 
beat and give me to a continuous bigeminal pulse 

If the stimulus is increased xciy slightly, the hnt effect observed is 
a ''udden appioxnnate doubling of the rate of the auricles (Tig 1) 

I lie rentncle's JoIIom each aiinculai boat but the conduction time diir- 
ui" the paiowmi n defiiiiteh longei than at the normal rate, that is, 
die conductnitc n diininnhed during the paroxysm (Tig 2) 

illoct of the«e paioxrmis hoM’evei last onh as long as tlie faradiza- 
tion it'-olf and the heait rate returns to normal, as soon as the stimula- 
tion IS stopped 
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If the faradization is repeated seieial times in lapid succession o\ 
if the intensity of the stiinulns is inci eased, oi on the otliei liaml if 
the irritability of the heait is of higli giade, the auricles and icntiicles 
maj^ contiaet absolutely synchionously (Pig 3} 

Since it IS difficult to eoneene that conduction fioin auiicle to len- 
tricle would be so rapid as to occupy an almost inhnitesiinal time it 
ma}’^ be assumed uith Heiing and ]\Iac]ceuzie, that in this case the cai- 
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Fig 1 — Mild faiadiz-ition of ^tlie amide Tadnciidn iiitl) slowed fon 
duction, lasting as long as the stimuHtion Dow nsti ohes = S\ stole , tune in l/i 
seconds A=:auiiculai conti actions, V=r vcntiicnln coiiti actions fet = ‘-tinni 
lation of amide 

diac impulse aiises in the Pnikinie fibeis ol the aniicnloicntiiculni 
bundle and is conducted simultaneously m botli diiections, a condition 
winch Mackenzie terms a ‘ffioclal i In thin ’’ 

v» 

Rh} thins of this tjpe bate been demonstrated In Matthews and hi 
Cuslmj aftei aconite poisoning but it is not possible to pioie absoliiloh 
that in the maniinal tbei oiigmate in the cells ol the aiiiicidoientntiilai 
bundle Di G S Bond, m nn laboiatoii has lecentlt budged tbi- 
gap In stiidimg the eftocts of aconite poisoning in the fioir® lieait He 
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Fig 2 — Slighth iiioio intense stiinnl ition J ichM iidn with qinckni 
conduction outlasting the poiiod of stnnulation Jime in «ccoiuN 

lias ioiind that in the fiog« Iieait one can w.itcli the imir of niu ik 
the anncidoientiicidai pinction contiact Xoimalh it contiad- p> ^ 
aitei the amide and pist beloie the \entiiclo but m aconite poi 
one occasionalli encountcis oxtiasastolos in wbuh ilio aiiiKidonn 
ulai img contiacts fust md tlm w lollowed In the s\-i()le of ih' 
clos and \cntnclo which confiatt at tlie same mst.mi J be -itiuiltu 
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coni incf ions of aniicle and ^entllele ni the mammal seem exactl) sim- 
ilai io iliis and hence aie assumed to be aniiculoventiicnlai m oiigm 
II ilie faiadic <5timn]us is still moie intense, the amides pass at once 
into fibiillan conti actions, and the ^entllcles lespond with a sudden 
(loiihhng of tlie late, sometimes legulai and sometimes iiregular, uliidi 
!<; aliiio^'t e\actl’\ the =ame late as that which occiiis when the amides 
aic iiiKleigoiiig cooidiuate eontiactions at the doubled late (Fig 4 ) 


A 



I'lg 3 — Eflect of iiToic intense stimulation A, onset of paiov-ssm, B, siib- 
''idence of piroxAsin liacing of auiieuHi contractions made by the suspension 
natliod (upstiolves = s\ stole) that of Aentncles bj tambour transmission 
( (low ii<;trokes = «\ stole) A shoit series of simultaneous contractions of auricles 
'11(1 M'litiule'. (aunculoieiitriculai ihitlini ai) is teiniinated bj an auricular 
extrimstolc (a) aftei mIucIi the auiicle initiates the ihtthm Auricles (a) 
»]"'tiokes=:m stole Ventiicles {\ ) , don iisti okes = si stole 

The clcctiocaidiogiam dmys that the fibiillatmg amides gne rise to 
'er\ mniicious stimuli at an iiiegulai late of from 300 to 000 pei min- 
hte too fast foi the lentndes to follow but the mtensit’i of each elec- 
iJual \ariation is of almost the =ame magnitude and as sometimes eien 
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gieatei than that of a noiinal impulse MacWilliam and latei IIuscli- 
feldei have shoun that, uhen stimuli aie thiouii into the heait too fast 
foi it to follow, it fiequently lesjiouds lu a doubling ol tlie late lathci 
than b}’^ a contiaction in lespoiise to each iiidnidual stuuuluc and tlio 
lapidl} reeuiiing stimuli fiom the libiillatiug auiieles piesent c\actl\ 
these conditions The auiiciilai fibiillation and the lentiiculai tacln- 
eaidia cease abiuptl}" sometimes spontaneous]! sometiiues aftei stiimila- 
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Fig 4 — still moie intense stimiiHtioii Fibi illation of tlie aiiiiclc sets in, 
and IS accompanied b! taclneiidia ot the !entiiclc Donnsliokcs systole 


tion of the lagi (Fig 5) Sometimes the tadncaidia icsists the lagu' 

stimulation and peisists in spite of it (Fig 6) 

Besides these conditions fibi illation of the auiicles Mith the accoin 
paniing taclncaidias hate been piodiiced expeiiinontally in seieial iiaw 
Gaiic\ and Hewlett pioduced it aftei the cessation oi lagus stinin a 
tioii but onh when the heait had ahead} been in a state of gieath ii 

cieased iiiitabilit! Cushu} and Edmunds, who weic the fii'^t to a ocia 

with paioxisins ot aiilnthmias though not with paio\}snial 
obtained hbiillation in mam animals poisoned with inoipbin lo 
Lewis has leceiith jnoduced «uch attacks of aiiiiculai libii a 
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Pijr — lUlcct of stiiiiiilntion of llie !agii'- (' 'f-') f’" 

bunging ibont ce",vtion of the ticli\cirdia 




inihl inro\!'in 


\ontiiculai laclncaidia in dog- alioui an hoiii aftei ligatiiie of tb 
toionan aitcn tliu« ^miniating llie as-ociation of coionan < ei 
paiow-mal laclntaidia to wliuii IJonibeig li i- c.iUcd .iltint ^ i,oi!tb' 
that paiox!-nial tadncaidii i< a di-ea^e (oninion in otlieiwm 
duldion and in tin* lonng and that it olten la-t- fioiii t m 
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^e<us ■would indicate that coioiiai} scleiosis is not the usual etiologic 
fact 01 

In this senes of expeiiinents Leivis has repioduced experimentally 
nil the foims of auiiculai, auiieuloventiiculai and ventiiculai tachjcai- 
dias which one can obtain hy faiadic stimulation and has furnished fui- 
tliei endence foi the belief that they aie all to be legaided as tiansi- 
tional foinis of the same geneial distuibance 
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l>ig (i — EUect of stimulation of the vagus upon a seveie paiovysm, causing 
tempoian stoppage The tachycaidia is then lesumecl 

Moieovei, Cushnv has leeentl} pioduced all these foims of cardiac 
action in aconite poisoning 

'Pho question is, therefoie, how the expeiimental findings explain the 
ohmcal It is quite evident that in suddenness of onset and cessation, 
111 the foim of venous pulse m the paitial independence of vagus con- 
tiol the expeiimental paroxysms resemble the clinical The resemblance 
could be ab'Jolutcly clinched by means of the electiocaidiogiam 
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^ >g 7 Diminution in the lolume of the lentiicle'; and rise of lenous 
jnosvuie in o\pci inicnt.il paiOMsnial ticlncaidii Vent X'ol=:iolume of the 

"ntrulm Von P = ienous pie‘«suie St = stimulation of the luiicles nitli 
iiuliKtion shocks 


llius fill a few satisfacton electiocaidiogiams hare been made by 
liionuis Lewie but onh in cases of the first tvpe with auiiculai con- 
ti.utione uell ni.irked on the venous pulse In these he has found, of 
uuir-e well-niaiked aunculai (P) waves on the electrocardiogram, and 
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consequently has concluded that auiiculai fibi illation is not a factoi ni 
paio\3snial tachycaidia Appaieiith he has entiielj oieilookcd the 
cases of the second t3pe, uith the ^entllculal Acnous pulse These are 
often the seveiest cases, and in them, fiom analogy uitli his othei cases 
of Tentiieular venous pulse, as veil as fioni the evperiiiieiital lesults one 
uould expect to find evidences of auiiculai fibiillation 

Most of the S3niptoins of paioxismal taelpcaidia seem to bo lefei- 
able to the clistui bailees in the distiibution of the blood 111111111 the les- 
sels As ivill be seen in the tiacing (Fig 7 ) iciy much less blood eiiteis 
the lieait in the short diastoles and conseqiieutlv the blood stagnates in 
the veins and the leiious jiiessuie uses Oecasioiialh, 111 man it iisc« 
to 26 cm of watei, as lecoided b3 TIookei and E3stei, about as hurh 
as 111 bioken compensation, so that the leins of the neck become dis- 
tended and pulsate, and the liiei siiells, and eieii edema niai set in 
When the attack subsides theie is a sudden ininsh of blood into the 
lieait ivhieh distends the lieait and gives use to the anginal S3 nipt 0111= 
that aie so common at the teimination of the attack 

As Mill be noticed, so little blood enters the ventiicles dm me the 
attack that iei3 little can be put out at each si stole and con«eqncnlh 
the blood-piessuie falls and the patient sutleis f 10111 i\eaknc«= ciddi 
ness and niuscae lolitantes, and occasionalh eieii fainting spclh all the 
lesnlt of depletion of the aiteiies and of ceiebial aneniia 

Dietlen and othei obseneis uith the 1-1 ai found that the licaih of 
patients often became smallei dm mg the attacks In the 1 ohmic ciinc 
taken in the expeiimental paioxisms uill be noticed that the =anie thm_ 
has taken place The uiidei filling ot the heait causes its total i ohmic 
to dimmish -sen much It is seen tlieiefoie that m both the clmica 
condition and its expeiimental simulation theie is the absohitch abriip 
onset and abinpt cessation of an mtensc taclncaidia associated vh 1 
"I eat inciease in the iiiitabihh of the heart dm mg vhich the 
impulse maA ongmate m am of seveial dilleient vais that the ^ 
attacks of this taclncaidia ma^ sometimes lie stopped In intlueiicc- " n 
stimulate the laci but the seierei ones cannot and hence the\ cao 
be leached In om oidmaic theiapeutic measmes that the meic a' i'^^ 
cardia it=elf preientc the adequate fillimr of the heart tlm- 
about symptoms due to venous ctasi5 and c\mp(oins due to cenhra 
rial anemia and that the miush of idnod at the end of the parow a 
gnes rise to (aidiai dilatation uliich causes the ftclmir of iiiteii'C coi 
stnclion at tiic terinmation of the ittack 
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111 olliei ^^olfls, tlie pictuie piodiiced m the laboiatoiv simulates and 
aofounis foi the cliiiieal pictiue, the plnsical signs, and the symptoms 
of the patient 

2211 Lindpii avemif* 
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AX EXPEEIMENTAL STUDY OP THE PHAEMACOLOGY 

OF EEGOT 


HORATIO C WOOD, Je, MD and CLARERCE A HOFER, 31 D 

rillLADELPHIxV 

This leseareli was started as an investigation of the quality of eigot 
Avhich IS at present on the market, and to find a means of iinpioMiig it 
Foi the purpose of deteimming the quality of eigot m the light of the 
knowledge of the chemistrj'' of this subiect, the onl} method vhich 
seemed available was the physiological test, but lioin the Iiegm- 
ning, we weie impressed vith the desiiability ol establishing if lio?" 
sible, a chemical method foi the standaidization ot this ding the 
biological assay of drugs is commercially possible 011I3 foi laige mniiU' 
factuiing houses, since it involves the necessit} of emplo3iiig a scjiaiate 
expeit and even under the best conditions, can nevei be regarded as nioie 
than appioMmately accurate, vhereas the proper chemical test should, at 
least theoreticall3q be lehable within a 1^3- small limit of eiioi As a 
result of oui studies, we have finally developed a chemical method foi t le 
assay’’ of eigot, which in oui opinion, is more lehable than am pin ,.10 
logical test for this diug which has eiei been suggested hoi a 
undei standing of the basis of the methods ve shall suggest am 0 le 
evidence of then ieliabilit3’, it is necessaiy that ve go into the qnc' mii 
of the phy'siologieal effect of ergot and of the iiatnie of its actne pi 11 
ciple Theiefoie, we shall di\ide the papei into foni sectiom 
Ph3siology of Eigot, ’ ''The Chemistn of Eigot “The Biologna . - 
and “The Chemical Assa3 ^ In the t«o intioductoiy sections it 1= no^ 
OUI intention to considei in detail the noik nliicli has been 
the jilnsiology and chemistn of this ding but to jnc'cnt chic 
expel iinental lesults of oui ovn iinestigatioiis 


Tim PHYSIOLOGY OP I ii(>or ^ 

The use of eigot in medicine may be dated Jioni the papei of ‘ 

111 y\hich attention y\a« diiected to the «fnnnlatimi intlneme o 
upon the iiteiine inmclcs In 1870 Holme'- flemornf rated that ic i 
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\cnou« niiection of the drug ga^e use to a maiked rise in the blood- 
pre'JSinc mIiicIi lie attiibuted to vasomotoi constiiction In 1906 Meltzei 
and Aiiei found that eigot inci eased the activity of the intestinal iniis- 
(le‘5 and in the =ame leai, Dale^ showed that a similai effect vas exer- 
cised on piactically all the nnstiiped muscles of the body Theie can be 





^ 'y 1 ShowiujT pflett of cifiot on blood pi O'.sinc and kidnoA ^ollIme At 
irrtm iincttmu ot 0 1(> fjm ppr ] mip nimkei = > seconds 

httlf douht ])i]( incica=ed coiiti actions of the iiteius and the 

1 ’'"inojoi sinmilation aie pait of a vide-spiead eflect of the ding 
uiiohuitf il! iiudliiiuai \ nuisele 
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Tlieie lias been some dilfeience of opinion as to iilietlioi the stiniiilaiit 
influence on the inusele is the lesiilt of an action on the none ceiitei' 
01 a peiipheral effect, eithei on the teiininals ot the iiene oi the imiselo 
itself Heinineter'* was unable to obtain anv evidence of a stimulant 




Fi" 2 Show mg increase of jniisc jires'-inc cuised hi ergot ^ 
llurthl’s manometer BotJi ^.^gl hi\e been eiit At ’t inject 0 •' p’” ^ ^ ,, 

Inter\al between A and B 1 minute- (0 12 g»n ergot) Ix'tw 
minute- June mirkor = 2 second- 


influence on eithei the iiteius or the lascidar =\steni aftei de-tnufion 
the spinal coid Wood' also reached the conclusion tiinf ergot < a 
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jiioducc a use of piessnie aftei destiiiction of the vasomotoi centcis 
Tlie«e auiliois conchidecl, theiefoie, that the action of eigot was cential 
On the otliei liand, the expeiiments of Di\on, of Dale and otheis seem 
to (lemonsliatc cleaily that the destuiction of the inednlla does not 
))ic\ent the action of the ding on the cii dilation, and Keliiei® found that 
i^-olatcd stiips of iiteiinc muscle weie stimulated by eigot 

In om o\Mi expeimients, we have found that the use of piessiiie aftei 
(Icstniclion of the lasoinotoi eeuteis was even gieatei than in the noimal 
animal Foi the piiipose of excluding cential vasomotoi effects, we have 
ii'^ccl two meihocls which yielded similai lesults The fiist is the common 
method of cutting the spinal coid in the ceivical legion, and the second 
which we piefei because tlieic is no loss of blood, is that desciibed in a 
])ii]ici' In A'^hei and Wood,' of injecting paiaffin into the iiiteinal caiotid 
aiten with sufficient foice to block the eiicle of Willis and the veitehial 
aitciies so that the vital ceiiteis aie killed by acute anemia In Table 1 
aic pie'-cnted the lesiilts oi two of these expeiiments 

j^Iost aiithois have laid consideiable stiess on the piimai} lall of 
blood-pi 0=181110 which occiiis altei the mtiavenons injection of a piepaia- 
tion ol eigot, and Holmes attempted to aigiie fiom this the occuiience of 
coiistiiction of the piilmonaiy vessels 


'jAmi 1 — RcscLis 01 Iwo ISM’CRmnxTs ox ErrncT or Encor ox Cikcci atiox, 
Exclc 1)1X0 Clmral Vasomotor Effects 
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In our experiments, the pinnaiy fall of blood-piessuie has not been 
a constant phenomenon We have obseived it fiequenth and almost 
regularlj^ with doses equnalent to more than 0 3 gm pei kilo Mlien 
howevei, the dose does not exceed 0 16 the piessuie-fall almost noiei 
occurs, and aftei hypodeimie adnnnistiatioii ot the ding, ve haie not 
observed it In oui opinion, it cannot be legaided as a pait of the 
physiological action, but is leallj'^ a poisonous effect fiom the use of too 
large doses 

Oui plethysmogiaphie studies have shovn a conti action of the ic'^sols 
of the kidney and an enlargement of those of the limb The lattei does 
not always oceui and is piobabl’^ passive in origin due to the blood 
forced out of the moie poueiful vasculai aieas b> the high piessine 

Eecentlj Dixon has stated that eigot has a stiniulant influence on tlie 
cardiac muscle as veil as upon the aiteiial muscles Tlie ailicle m uliicli 
we sau this statement contains no experimental eridence of its tinth and 
we hare been unable to find the data on rrliich the conclusion is based 
We are, horverei, inclined to accept its tiiith, although our expeinnental 
data on the point aie not conclusive Attei section of tlie ])iieumog<isfii( 
nerve, rve find that the pulse-pressure as ineasiiied hr a Huitlil man- 
ometer is verj gieatl-^ increased by the ph'^ Biological dose of tbe dnic 
and that after toxrc doses the size of the pulse-riare inci eases and de- 
creases as the blood-pressure ascends and, later, falls We hare attempted 
to confirm thrs belief bv studies on the isolated heait but oiii lesiilt- 
so fai, hare not been definitire 

One other point rvhicli lequiies mention as beaimg on the elaboia- 
tion of a means of plirsiological assa> is the duiation of the ra< 5 omolnr 
constriction Cioi^n and Hendeisoii ' state tliat tbe mo?t pioloiuicd 
rise of blood-piessuie ther hare erei obseired follorring the inicction of 
ergot, lasted but foi tv minutes rrehare horrerei in a nuinbei of expeii- 
nients lound the effect^ to last much longei The longesi r\o bare 
obseired is a little orei two houis, but .1*5 (be expei iiiieiit wa*' not (on- 
tinued and the pies^suic w,i« still dceidedlr aboro the noim.il it i'' fan 
to conclude that the effect i* an eiuluiing one Oui explaiialion of (lie 
coinparatirelr shoit duiation of the ra«ciilai stimulation coinctiiiic- 
encounicied is impioper dosage If the dose be too ‘•mall it 1“ cridont 
that r\e cannot expect the lull plirsiological action of tbe drug and on 
the othei hand if the dose i« too laige the toxic depiC'-ant action 
become- mamle=t and loice- the blood-])re— me down In the lattci 
instance the ]ru'--uic ireiicrillr but not alwar- fall® decidcdh below 
the normal 
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ACTIVE PRINCIPLE 

Tt IS not our intention to go into the history of the search for the 
.icliic piniciple of eigot, as it has been veil summed up by a number of 
picMou‘5 viiteis, but only to mention briefly a few points which hear 
(hiectly on ceitain neiv facts which we have to olfei on this sub]ect 

In 187 j, Taniet® desciibed a crystalline alkaloid vhich he named 
cigotmin This was suhsequentl} , howevei, shown to be physiologically 
incil Tn 188-1, Ivobeit® ascribed the activity of ergot to tuo principles, 
one of vhich vas a resinous acid which he called sphacelinic acid, and 
the ‘•econd an alkaloid to which he gave the name of coinutm (It ma-) 
be noted in passing that the cornutm of Keller is an entirely difleient 
bodi, piohabl} a mixtuie of eigotinin and hydi o-ei gotinin) Moie lecent 
nncstigations, howevei, haie thiovn doubt on the natuial occurrence of 
(oinutin and it is piobablv a decomposition product, which does not 
ncciii as such in ergot, and sphacelinic acid is not a puie proximate 
‘'Ub'staiice Jacobi^” found in eigot a non-nitiogenous body vliich was 
iieitlier an acid noi a glucosid, and was IngliK actiie phi siologically 
Tins bodi to iihicli he gaie the name of sphacelotoxin, he regaided as the 
nctiie mgiedient of Kobert’s sphacelinic acid He belieied that it iias 
found in eigot in the foim of tiio loose combinations, in one with an 
acid bodi (chi 3 Sotoxin). in the other with an alkaloid (secalintoxin) 
111 lOOG appealed tiio ai tides, one b} KrafV’- the other b) Baiger and 
Can,’* de^ciibing a nei\ alkaloid, to iihicli the lattei investigators gave 
the naiiie of eigotoxm, hut which Kiaft showed to have the same empiri- 
cal foiiuula as eigotinin plus one molecule of water, and therefore named 
Indio-cigotinin Baigei and Dale,’" in then earlier communications 
clanucd that the actniti of all the substances which had been suggested 
as the actnc piiiiciple of eigot vas due to contamination of these sub- 
stances A\itp eigotoMii vhicli is an extreme!} poveiful stimulant Ke- 
ceiith hovoiei the\ haio iound that para-h}drox}phemleth}lamin a 
P ‘iiriplc uhidi Baigei and IValpolc had previous] v sepaiated fiom 
pallid meat infusions, occiiis in ergot and has a similar action to the 
iiidio-orgotmin The substance claim isolated b} Yahlen” and claimed 
b\ tln« iinestiaatoi to be a uteime stimulant, has been shovn b} Dale and 
ai<o In Cuflnn to be incit 

I' 1 uwcl CoiniU ifnd Soc Liol 1875 Ixvxi S9G 
'* Kot)crl Arch f c\per Ihith ii Plmrinakol 1SS4 xmu 31 G 
G .Ticnhi Arcli f e\pcr Pith ii Ph irnnkol , 1897 85 

Krift Arch d Pharm 190G ccxln 33G 
PirKcr and Ciri lour Cheiu 8oc 1907 xci 337 
3 Iltr^or and Dale ,7our Plnciol 1900 xxx\ui 
j ^ ihhn Aich f o\pei Path u Pharniakol 1908 1\ 42 
1*' t'uMnn Jour Pln<iol 190G xvxi 1 
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The two substances A\hich seem to us to liaAe the best claims to be 
legaided as the actn^e piinciple of eigot aie Jacobi’s spbaceloto\ni and 
h3fdro-ergotinin (ergotoxin) Baigei and Dale stiongh contest the 
claim of Jacobi that siihacelotoxin is a chemical indiAidiial Tbci a«'-eit 
that the actiAut}^ of thi'? lesinous bodj' is due to contamination iiith the 
alkaloid eigotoxin (h^dio-eigotinin) , although Jacobi claimed to liaie 
isolated a small quantitA' of sphacelotoxm fiee from iiitiogen, and plusio- 
logicall}" actiA'e, the eiudence hi ought foiuaid to demonstiate the ab=once 
of nitiogen is not accepted by the English inA^estigatois, and iie must 
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]n ciiide eigot, \\e have found it moie advantageous fiist to extiact ivith 
dilute alcohol, piecipitate the lesinous inattei fiom this fluidextiact 
viih watei and then to extiact this piecipitate with benzole The bod\ 
vliich ve haie sepaiated by this piocess is of an ainbei vellow coloi, soluble 
in acetone, ctbei, ethyl acetate, chloiofoim alcohol, ben/ol alkalies and 
sliong inineial acids, insoluble in peti oleum benzin, watei oi dilute acids 
If its alkalm solution be acidulated, a tuibidity is produced but the pieeip- 
itatc IS no longei soluble in benzol, showing that some chemical change 
has occinied dining its union with the alkalies When boiled in a poi- 
celain dish with sodium h^dioxid, a cheiiy led coloi appeals at the edge 
of the liquid With feme chloiid, it fields, when fresh, a blight gicen 
coloi and, aftei keeping, a biownish coloi The solution in dilute alcohol 
mIioii kejii foi a few days, becomes a gi ass-green coloi It contains 
about 1 3 pel cent of nitiogeii By piolonged shaking with acidulated 
vatoi, it Melds to the lattei a substance which is piecipitated bv Mavci’s 
icagont and the oihei alkaloidal piecipitants If the exti action of a 
bcn/ol solution of this bodi with a 1 pei cent livdiocliloiic acid solution 
be continued until the aqueous shakings no longei lespond to Maiei s 
loagent, the lesin-like bodi that is left behind is phvsiologically ineit 
and contains no nitiogen The nitiogenous bodv «epaiated bi thi'! 
pioce«s lepi events about 9 pei cent of the oiiginal sulwtanee and is extia- 
oidinaiilv actiie and lesponds lo the usual tests loi alkaloids 

It «ecnis to us impiobablc that the lesin and alkaloid uhich compose 
this liodi aie siinph niixtuies It will be reineinbeied that Knebeh" 
‘^boiled that caHem did not exist in kola-nut as fiee calTein, but in the 
foiin of a glueosid, to which he gaie the name kolanin, which on deconi- 
lio‘>ilion Melded the alkaloid, glucose and an ineit siib^-tance A '-miilai 
stale of aflaiis is the most plausible explanation of the close coriespon- 
deiue that we hace iound between the phisiological actuiU ol a 'specimen 
oi eigot and the piopoitioii of this bodi contained in it Thw fact will 
bo coiwideied in nioie detail latei in the papei 

Althoiuih the lack oi dehnite statement b\ Jacobi as to tbe chemical 
piopeitiec ol his spliacclotoxiii, and his uiiioitunateh indefinite use ol the 
tonus ehnsotoxin and sphacelotoxiii makes it impossible to asseit posi- 
ti\eB the identiti oi spbacelotoxin and tbe substance we lla^e sepaiated 
b\ ineaiw of ben/ol let the fact that tlie two haie the same lange of 
Hilubilitios that thei both tiiiii iiieen on standing and that then pin- 
•'lolomeal poweis aio at least coinpaiable in de£iice 3usiifics us uo 
behoNi' in apphni" the tcini sphacelotoxiii to this sub=tance As leirard- 
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the mtiogenous bod}’" 'which 'we have sepaiated fioni oui spliacelotoxin, 
we see no leason to doubt its identit}'' with hydio-ergotinm (ergotoxm) 
In this connection it is interesting to note that in Dale’s evpenments, 
a dose of 1/3 nig per kilo in a cat piodueed a maiked use of blood- 
pressure with vasoinotoi leversal, while our alkaloid piodueed in a dog 
in a dose of 1/6 mg per kilo, a sustained use of 34 mm 

Table 2 — Protocols to Snow Comparatiie Activiti oi PRI^CIPLrs Sepvratiu 

PROJi Ergot 

Time Pressure rxprRniCNT i 

0 100 Inject OG mg (per kilo) whole resin* 

2 115 

4 124 

8 107 

Time Piessuie experijilxt ii 

Pregnant bitch, abdomen opened to obsene Mscem 

0 120 Foi past ten minutes no mo\ ements of utei us 

1 120 Inject 1 0 mg (pei kilo) of whole icsin* 

2 154 Maiked contraction of ciiculai fibeis of uteius 

3 150 Marked intestinal peiistalsis 

5 19 

10 9 Intestinal peristalsis moie Molent 

lime Piessuie EXprRUurxr ni 

0 110 Inject 0 IG mg (pei kilo) of alkaloids* 

5 145 

10 143 

17 140 

Time Piessurc experimlm i\ 

0 S8 Inject 0 2 mg (pei kilo) washed lesin * 

1 80 

4 90 Inject 2 5 mg washed lesin 

G 9G 

* For coincniencc, the bod^ extiacted from ergot b> hcuyol 
“whole ro-!in ” ilthough it must be renicnibeicd that it is not all le 
maftci of the drug Ihe term ‘alkaloid” indicates the nitroienous both <^0]) ^ 
from this resin and “washed resin’ the inert mateiial left affei ‘■epiiri p 
alkaloid 

niOLOGICAn ASS \Y 

The hist efloit to standardize piepaiations ot oigo bt ])h\siohvi < 
means was made In Gnmfeld vlio used tlie method dcMscd h\ 
based on the moitification ot the comb and wattle of tlie roo= ei 4 
large injections of tins drug The method howcici not gtner.i 
used foi sc\cial xcais until Houghton’*' publislied the result- o ^ 
roimneuial applications in ISOS '•mce winch time it hi- hnn 
cm pi o led 

17 Grdnftld Arb d Phariiiikol Tii-tit Dorpit xi\n. 

(x Hiinghlon Tin rip <>i/ ISOx \n 4 11 
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The thcoiy of the cock's-comb test was that the ergot cansed a violent 
conti action of the aiteiies^ pi eventing the cii dilation in the conih and 
tlms leading eientiially to a diy gangrene although as at present applied 
ihe final leaction is only tiansicnt daikening in color There is, liovevei, 
no convincing diclence that the inteirnption of the circulation is due to 
aiteiial spasm If it iveie, one uould expect an ischemia ratliei than a 
congestion The fact that much laigei doses are leqiiiied to cause the 
hlumg of the comb than aie lequired to pioduce constitutional svmptoms 
shows that the effect is a violent toxic one rather than a physiological 
one Accoi cling to oiii experience, one-thiid of the quantity which is 
needed to cause the least perceptible change in the comb is sufficient to 
cause diaiihea, that is, to stimulate intestinal peristalsis in the chicken 
and if the lelatiie susceptibility of the intestinal tract and the vasomotoi 
SI stem IS the same as in the mammal, this dose would cany us into the 
foMc stage of ciiculatoiy depression Yon Eecklinghausen^'’ has shown 
that the cause of the gangiene is the foimation within the arteiies of a 
inalmc plug, but Koheit aigued that this thiombiis is foimed on account 
of the slowing of the blood stieani during the vascular spasm This vien, 
howcxei, seems haidly tenable in the light of the ex]ieriments of Ellin- 
501 x\ho piodiiced similai changes in the cock’s comb with canthaiides 
and it seems to us that Ellmgei’s aigumeiit is leasonable that the foima- 
fion of the thiombus is due to an iiritant action on the intima 

1 10111 a piactical standpoint the fifty expeiiments on the loostci 
nliicli x\c haxe made haxe convinced us that this method of assa} is too 
maccuiate to be of utility In the fiist place, the individual susceptibil- 

of difleient chickens is so gieat that the same animal must be used 
foi coiiipaiatne expeiiments xvith a standard piepaiation of the 
inepaiation to be tested If tins is done it is evident!} essential that 
flic do=e must not be laige enough to cause peiinanent changes in the 
('nonlation of the comb but lessei degrees of congestion aie so difficult of 
companion that it is almost impossible to deteimine acciiiatel} the final 
rcMctioii In ceitain loosteis foi some unknown leason, iie found it 
nnpcwsihlo .^g ]ia\o othei expeiimenteis, to pioduce am bluing at all of 
die (omh 01 V attic In one chicken that we expeiimented on a do^e of 
'• I c c of fiiiidexti act of eigot gaxe use to distinct constitutional “^Ymp- 
loiiiv conswting of diaiihea lapid bieatlnng and excitement, the comb 
did not become bluish but seemed a little palei than noinial Laigo’ 
do-ov pioduced moic niaiked constitutional sMiiptoni'i and a iiioie pro- 
lunniced blanching oi the comb but although ve aaxe a^; lush a^ 10 r c 

IHiidlmcli ucr nllgeTiioineii Pitliolojiio ISS*? “l-l'i 
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of tile same prejiaiation, no daikenmg of the comb oeciuiecl It is of 
inteiest to note that tiio Meeks aftei this last dose, the ciop of tlio 
chicken sepaiated as a di’^, liaid^ blackish mass Mithont suppination 
Grimfeld, as ivell as latei investigatois, has mentioned this loc.al iiioiti- 
fying effect at the point of intioduction of the diug ivhethei admmistoied 
b}'^ the mouth oi h3'podermically The point Me misIi to bung out is tliat 
m tMm of tliiee instances of local gangiene in om expeiimeiits, tlieie uas 
no gangiene of the comb oi Mmttle 

On account of the nncei taint}' of the eock’s-comli leactioii mo haie 
not attempted to make any eomjiaiative tests M'ltli this and otliei niethods 
of assay Edmunds^ hoM'evei, expeiiniented Muth a piepaiation mIucIi 
produced a typical leaction in the loostei but Mas iiieit Mheii tested on 


the uterus 

In 1908 , Edmiiiids-i published a method of as«ai based on tlio quan- 
tity of eigot leqiiiied to piodiice eontiactions in the iiteius of a cat Me 
believe that Mitli piopei piecantion this metliod Mould be capable of 
giving leliable lesiilts, but theie aie a niimbei of factois mIiicIi niahc i 
111 0111 opinion, less desiiable than the one m'C liaie to suggest 'Iheie aie 
tliiee objections to this method mIiicIi seem to ns of piactical impoi anee^ 
In the fiist place, theie is no distinct eiid-icaction to sIiom Iiom 
shall be the nteiine eontiactions mIiicIi Mill indicate the action o i 
ding, secondly, it has been pioieii that theie is a distinct (i cie 
the susceptibility ot the niultipaious and niillipaious iiteius an 
it doubles the difficult} of obtaining test animals 

We niav mention one otliei method, mIiicI has been u«et )' • 

111 testing certain piepaiations fiom eigot The Dale niethof ‘ 
on the obsenation that aftei the injection of ceitain pnncipe 
fioni eigot a dose of adieiialin causes a fall of blood-pieman c i 
a use this he calls the vasomotoi leieisal 'his lamouio oi ' 
appaieiitlj not chaiacteiistic of eigot itscll Cioinii am , 
found, as did mc that using the ciude diug, the action vas 
iinceitain It is theieloie not aiailable ioi mtaiidaidi/nh 

We haie used a method based upon the amount of 
blood-piessui e caused b} the injection of a mtandaid roe n 

- . * -.r \ |{ro^']\ * 
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objection iilnch lias been laisecl against vasomotoi tests of the cling on 
the giouiid that it is ineie assumption to claim that a specimen active 
in legaicl to the ciicnlation is equally so to the uteius, is, in the light of 
lecent leseaich, untenable As has been shown above the chaiacteiistic 
etlect of eigot is a stnnnlation of all nnstiipecl muscle tissue of the hocli 
<111(1 the change^ in the ciicnlation, in the intestines and in the nteins 
aie hilt a pait of one geneial action All of those snlistances which have 
been suggested by vaiions wiiteis as the active piinciple of eigot haAe 
piodnced stnnnlation of hlood-'s essel as nell as nteins, with the excep- 
tion of V<ahlen’s clavin, which theie is stiong leason to believe is not 
actne Eiom a scientific standpoint theie is no choice between a nteiine 
and ciicnlaloiy test for the ding, the piefeience must be made on pnieli 
nlii'it<aiian lines, which is the simjilei and which inelcls the most leliable 
iCMilt'; M e shall considei the aecniacy ol lesnlts aftei clesciiption of oni 
iiicibod 

'I’lie fust thought in estimating the stiength ot the cling through its 
cfiocis upon the ciicnlation would be to compaie the effects of the speci- 
men being tested with the effects of a stanclaid piepaiation in the same 
•umnal as is done, foi instance, with adienalin This in the case of 
eigot, liovoiei, is impossible because the ding lingeis foi so long in the 
sjsfoni 0 have alieady noted that the blood-piessnie may lemain high 
foi at loa«t tno honis aftei the injection of a single dose, bnt even aftei 
<bo piessnic lias letninecl to the noimal appaiently theie still lemains 
‘=01110 of the ding in the svstem, foi ne have found that the effects of a 
‘■eooiid dose of the same piepaiation cannot be compaied to the effects 
of the fii‘!t dose even if the piessnre has letnined to noimal m the intei- 
'al between the two injections In all the expeiiments cpioted in this 
p<ipei we liaAe considei ed onl} the effects of fiist doses 

Anotliei method which wonld seem obMons, would be to ascertain the 
.unonnf of ding necessal^ to piodnce a ceitam aibitian use in the blood- 
piO'^mie in a senes of animals Oni eaih expeiiments weie carried 
out with this idea lint we weie foiced to abandon it because certain 
'••niiples piodnced no use at all, bnt especialh because the amount of 
cioiation did not laii accoidins: to the si 7 e of the do^e A dose of 0 12 
-m pei kilo wonld piodnce as high a use as double oi tieblc or eien 
foil! umo=i this qnantitv - -This point-wc- 'shall- considei latei- bnt -we will 
cdl attention hoic meich to Table 3 which '?how'= the result^: of =ome 
of 0111 eaih expeiiments beaiing upon 1111= fact 

lla\ing dcmonstiated that the degiee of action bore no lelation to the 
"■>''0 of the dose we next earned out a =eiie= of experinients to deteimino 
'"heihor the le^pon^e was constant in difleient animal'^ for the '=anie do-e 
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of the same piepaiation The idea was to adopt a stanclaicl dose and 
measure the aetiuty of the prepaiation by the use of blood-piossiiie 
■nhich followed the luieetion of this quantity 


lADLE 3 — ExPERniEMS TO Shoxi THAT Eeifcts Do Eot Vari XMTH Tilt Dosf 



Dose jiei 

Ma\iniiim 

Dose pel 

JlnMimim 

Sanuile 

kilo 

use in mm Sample 

kilo 

rise in nun 

P D No 1 

0 10 

00 

0 12 

0 


0 16 

77 

0 20 

21 


0 3G 

32 

0 32 

27 

P D No 2 

0 13 

25 Lihy 

0 07 

24 


0 24 

20 

0 24 

12 


O' 48 

20 

0 41 

41 

Squibb No 1 

0 14 

24 




0 29 

62 




0 33 

44 




0 34 

52 




0 35 

45 




Aftei some tixenty e-\peiiments, Me came to tlie conclusion that 
although theie xvas some geneial agieement m the amount of elexation 
of the piessuie, it Mas not close enough to be satisfacton ioi qiiantitatne 
MOik (see Tables 3 and 4) A close examination of oui tiacing' hoM- 
exei shoMcd that in those instances in Mhich tlie pie=suic liad a'^cendcd 
abnoiniallj high it Mas not so xvell sustained as in those in mIhcIi the tu^t 
use had been less stiilcing, in othei xyoids, theie Mas a tendcncx foi a 
elosei coiiespondence some time aftci the iniection ol the ding tlian 
immediatelj aftei Oui expeiieiice led us in a piexions pnpei • to.idop 
einpiiicalli, ten niinutes aftei the iii]ection as the peiiod Mcldnigtlic mo'f 
constant lesults Since the iiublicatioii of this communication liOMOxoi 
furthei OMdence has coiiMiiced us that it is necessaix to take into con 
sideiatiou the total use oxei tlie uliole ten ininute« so that at pic-en 
oui hguie of pin biological actnitx ib obtained In iibinir the piunaix ii c 
Mhich iolloMs immediateh aftei the iiricction and tlie elcxatioii it Im 
and ten minutes aftei the luiection lespectneh and taking the a\(ra_r 
of the thiee figuicb mIiuIi gnes u^ ajipioximateh the aniam H'C 
minutes aftei the inieetioii 

Tvnii 4 — S^o\\I^^ tui Mammi m Uisi reoncci d in llosi ^ oi 0 llf xi ' 


I’ 

D No 2 

Squibb No I 

<4 

K I 

■ I 


70 mm 

47 imn 


to 

111111 


27 min 

45 mm 


50 

IIHII 


75 mm 

50 mm 


ti5 

nun 


57 mm 

(i2 inin 





SO mm 

55 mm 





57 mm 

>2 mm 




2 1 1\ 00(1 and 

llofir 1 HI' 

15 nn AI(<1 Bull 

10110 

N\1 
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jii Table 7 aie the lesnlts of eighty-foui tests of twenty-two samples 
of eigot It will be noted in this table, that in 55 pei cent of the expeii- 
nients, the aveiage rise is within 5 mm of the average foi the whole 
senes with each piepaiation Foi instance, with piepaiation Squibb 
2, theie aie five tests, and of these, the aveiage of the whole gioiip 
lieiiig 36 0 mm the lowest use ivas 28 and the highest va^ -12 while 
ibe othci thiee veie less than 4 mm fioiii the total aieiage of the 
senes If we extend the limit of eiioi to 10 mm depaitiiie fiom the 
aieiage, only 20 pei cent will be outside the limit It is evident, theie- 
foie, that vheie we have thiee closely agieeing lesiilts, the aieiage of 
the senes will almost ceitainl}'^ be ivithin 5 mm of the theoietically 
collect figiiie foi that specimen 



^ ifC t Ko'inlt'? of conipTialnc ])ln siological and chemical a=sa^ of ^arlOU‘; 
'^iinjilcs of oigol Figiucs on abscissa = pii ts «phacelolo\in pei 10,000 figuies 
f'l 01 dilute = 1 uo of blood-jii essui e in imlliineteis of ineicuu Oblique linc'- 
lepie-oiil ^allatlons of 5 iiiin in the lue of pi essui e 


One ‘^inpiisinjT fact is that the actiMt\ of the ''pecimen beais no lela- 
I'on to the s]/e oL the dose 11111011 is leqiiiied to piodiice tlie maxniiuiii 
Oh' foi that saiiqilo the ii^e of pic'=^ine caused In am s]iofinien of 
eiiiot IS nidt as meat aitoi an eighth of a 01 am pei kilo as aftei a fouiili 
'•c o\eii a half no niattei vhethei A\e aio dealing vith an ineit 01 liiglih 
aituo ''aiiqile This is appaienth <=0 conTrai\ to the aciejttc'd liw- 01 
pb 11 Iliac oloe\ that wo weie \oia hiath to belioAC it but 0111 cxperuuKC 
‘ONcring now some two huiulied te-t= allows m oui mind no doiil.t 
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The tiiith of this statement may leadily be seen bj lefeiiing to Table i 
Tor instance in piepaiation luaikecl Squibb No 2 F iie baie doses 
langing from 0 13 to 0 20 gin pei kilo^ the liigliest piessine ni tliw 
instance being piodiiced by the smallest dose In sample marked Retail 
No 1, the doses range horn 0 13 to 0 25 and the effects m eacli instance 
aie piactiealty identical With retail sample No 2, although tlie dose m 
one instance nas as high as 0 55 gm, ae obtained piacticalh no ciideiice 
of stimulation of the vasomotoi S 3 'steni In a flnidextiaet abicli was 
made in oui oivn laboiatoij^ marked m the table Wood No 1 the eAccts 
of 0 16 gill iveie e^acth^ the same as those of a dose ot 0 24 gm 

It theiefore becomes necessai}' to deteimme the dose iihicb mil jno 
diice the best results in the maioiitv of animals Of com sc tbeie will 





.VI 


Fig 5 Showing the detei lontion in eigot iml hetn 

mg on the left shows the efiect of i iluulexti ic “ ^ ^ <]o.-o of Dx' 

hermetically senlecl the one to the c 

same piepaiation after being exposed to the air for 40 dav 

be more oi less fieqnent indnidnal lanations ^ dog ^la^ 

dogs to ergot so that what is the full p i}Sio og c. ^ 

be too snmil for a second and toxic for a t ir , In t b 
aioided b3 a means which we shall mention l er ^ lor^ 

wish to determine the dose for the the gr( dod 

enough so that in the maioriti of cases it '' u niM 

possible foi that specimen of ergot and sim " A- 

cause toxic efiect in an. considondde ,o a P-d 

donee of a toxic action we li.nc t.iken the fall P 
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belo^v noimal within a period of ten to fifteen minntes aftei the intia- 
\enoiis injection of the drug 

We have as available for deteimming the limit of piobable toxicitj; 
the lesults of 111 experiments winch may be tabulated as in Table 5 


'Jaiux 5 — ^Per Cent of Toxic Effects After Doses of Varying Sizes 

No evpei imeiits Fall beloM 


0 0 10 gm pel kilo 

2 

normal 
Per cent 

U 

10-15 gm pel kilo 

30 

10 0 

16-20 gm pel kilo 

49 

16 3 

21-26 gm per kilo 

9 

22 2 

Above 25 gm pei kilo 

21 

38 1 


It will be seen that with doses ranging beWeen 0 10 and 0 30 gm 
poi hilo, ue hfive toxic effects in about 13 pei cent of the expeii- 
inenis and that above the latter limit, the toxic results occur in a much 
Inrgei number of instances 

To determine the low limit, that is, the smallest dose uhich is likely 
to produce the full physiological effect, ue have compaied the results of 
a second injection of the same dose at an interval of not less than ten 
minutes aftei the first injection If the blood-piessuie is higher aboie 
the normal after the second dose than after the first dose, we consider 
Hint the full physiological action was not produced by the first dose We 
giie a table covering the results of 53 expeiimeuts bearing upon this 
point In this table, it wull be noted that with doses of less than 0 10 
gm in oiery instance the blood-pressure was driven higher by a second 
<lo«e, ulnle with doses ranging between 0 10 and 0 20 gm in 88 per cent 
of ea‘!es the first dose produced full phj'siological action 

It IS CMdent from these two tables that, most geneiallj, efficient dose= 
of Cl got will be equivalent to about 0 15 gm per kilo of body w'eight 


I Mill: G — PfB Cfxt or Inst\ncls in Which Second Dose Caused a Eise to 
A Point Highfr than That Produced by First Dose 


0 10 gm per kilo 
H- 15 gm per kilo 
iG 20 gm per kilo 
Abo\e 20 per kilo 


Xo of expel iments Iligber 
4 
10 
0 

20 


after second dose 
100 0 7c 
26 3 7c 
12 5 Vf 
j0 7c 


nrscRirxrox or xtExiion 

Oui method as finalh worked out is as follows A dog is gncn Injin- 
^h'lmicalh from 0 02 to 0 06 gm inoiphin sulphate according to it= 

•'^nd after the moiphiu has had time to act. is tied down and lighth 
'dicirod The carotid arterr is connected with a mercurv manoiroltr 
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and the jugulai vein piepaied foi injection The animal is then allowed 
to lecovei fiom the etliei, the blood-pressiiie not being consideied nonnal 
until it has leinained at a constant level foi at least ten minutes aftei 
vithdiauing the anesthetic A dose of the prepaiation iindci question 
IS then injected, equivalent to approMinatety 0 15 gni of eigot per kilo 
and the piessuie ohseived foi fifteen minutes At the end ot that tune a 
second dose should be administered in oidei to aseeitam that the lull 


effects liaie been brought out hj the first injection Aftei vatehing the 
effects of the second dose foi ten minutes the dog is killed u«iiall\ 1)\ 
injecting chloiofoim into the vein 

To obtain the lesults ■nliieli ue have desciihed abme, theie aie certain 
souices ol eiioi vhieh experience has taught us must be ceduloush 
avoided Foiemost among these, ue wish to emphasize the necessih of 
the completeness of the leeoiei}' fiom the anesthetic befoie the admin- 
istiation of the diug Not onlj' aie tlieie likeh to he changes in the 
blood-pressure dining the convalescence fiom anesthesia so that it is 
impossible to establish the noun accuiatelj' hut ve have found as 
have also Cionjn and Hendeison, that the effects of eigot aie leii fre 
quentlj atjpical if am laige quantitj' of ethei is still cii dilating in tie 
system (Whethei Hendeison’s anesthesia bj intiaeeiebial injection ot 
magnesium chloiid vould be a\ai]able foi this puiposc ve canno 
positivelj but would think it a pnon, impiobable) In oider to niou 
fallacies fiom ethei, ve advise that the anesthesia be as hgi a c 
patible vith pievention of suffeiing dining the opeiation aiic 
blood-piessuie be ohseived at inteivals until it has leniaincf a 
feiel foi ten minutes befoie injecting an) eigot 

While, of com se the peiceptne centeis of the clog aie much c 

In the moiphin, ve have found that in man) cn^es there i ‘ 
ciiculatoii lesponse to ps)chical influences as shovn n • 
the blood-pressuie fioin vhistling oi calling Foi t iis 
silence especialh the aioidance of comcisatioii and «iulden n ^ ' 

the expel iment is essential fcnipcrn- 

Om lesults in summer indicate stiongh that a' icn 

tme IS too high the lesults aie not 

(luestioii MO have not gone in detail but mouIcI n ^ 

in as=acs made in a looiii Mitli a temperatuie o moie > ,„f]iiciKC 

Seceial othei factois mI.icI. aie nsualh ,pjKar- 

on the effects of dings eleven e a MOid oi tno of m 
to lie a factoi onh in «o lai that ‘ .i, louid 

to the diuir so that toxic cfleets aie almost the m T 

oh^ene no d.ffeiencc fiom sex The size- of oui doc^ hac 
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i to 20 kg in Height, but with closes propoitional to Height, ne could 
«ee 110 distinction The breeds weie of all kinds, with a laige piepon- 
(Iciancc of mongiel, the ordinary sheet dogs of a large cit’^ 


Table 7 — Elsults of 84 Tests of 22 Sajiples of Ergot 




Pnmaiy 

5 Min 

10 Min 

Aveiage 

I’lepnialion 

Dose 

1 ISC 

use 

use 

use 

Squil)b Ko 1 

33 

47 

32 

2 

27 


34 

50 

33 

8 

30 


35 

45 

33 

9 

29 

V\ Tinge 

34 

47 3 

32 7 

0 3 

28 7 

Squibb Eo 2 

0 05 

10 

5 

4 

0 Fi esli 


0 13 

50 

30 

30 

42 


0 15 

50 


30 

40 


0 10 

55 

40 

25 

40 


010 

40 


25 

33 


0 20 

35 

25 

25 

28 

A^elngo 

0 172 

47 2 

34 7 

27 

30 0 

Squibb Eo 2 

0 10 

40 


25 

33 Sealed bottle tiio 


0 17 

04 

50 

35 

53 months old 


0 18 

clot 

32 

17 

32 


0 18 

50 


15 

32 


0 18 

34 

34 

25 

31 



75 


25 

50 


0 IS 

00 


10 

50 

-U (>i ago 

0 175 

58 8 

417 

21 7 

40 5 

Squibb Xo 2 

0 15 

15 


0 

7 Open bottle two 


0 17 

51 


11 

31 months old 


0 10 

20 

21 

15 

10 


0 33 

32 

23 

(. 

20 

A\ era go 

0 21 

20 5 

22 

8 

10 5 

Squibb Xo 3 

0 13 

40 


27 

30 Fre«b 


0 10 

45 


30 

37 

A\ 01 ago 

0 145 

45 5 


2S5 

37 0 

"'•luilib Xo 3 

0 13 

42 

25 

5 

24 Sealed bottle four 


0 10 

34 

11 

23 

20 mouth's old 


0 10 

20 

27 

25 

2(> 


017 

4 1 

2S 

IS 

10 


0 IS 

41 

3(1 

20 

l(i 

V' 01 ago 

0 10 

37 (. 

20 4 

20 

20 

^'pMl'b No } 

Oil 

70 

25 

12 

l(i ‘sealed 


on 

0'> 

00 

(lO 

(i(i 


0 15 

4S 

40 

40 

4s 


0 n 

1‘t 

41 

15 

15 


V 

50 

54 

4 1 

52 ^ 

\'01 \<jo 

0 14 5 

50 

47 

35 s 

4 1 4 
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Squibb No i 

5 

0 13 

0 15 

0 18 

Avei age 


0 153 

Retail No 1 


0 13 
022 

0 25 

Aveiage 


0 175 

Retail No 2 


0 13 

0 40 

0 55 

Aveiage 


0 36 

S K P No 

1 

0 14 

0 33 

0 33 
051 

Aveiage 


0 328 

S Iv F No 

1 

0 16 

0 19 

0 19 

0 29 

A^ erage 


0 208 

S K P No 

1 

0 21 
022 

9 

9 

A^ ei age 


0 215 

S K F No 

2 

0 10 

0 14 

0 16 

0 16 

0 IG 

A\eiage 


0 155 

S Iv F No 

2 

0 IG 

0 16 

Average 


0 IG 

S K F No 

2 

0 19 

9 

A^ erage 


0 19 


Table 7 — Continued 


48 

33 

26 

79 

16 

25 

45 

51 

35 

57 3 

33 3 

28 7 

23 

20 

7 

35 

10 

8 

28 

27 

9 

29 

19 

7 5 

10 

0 

0 

10 

5 

0 

15 

5 

0 

11 7 

3 

0 

31 

30r 

28 

50 

48 

35 

65 

65 

49 

65 

GO 

40 

52 8 

50 8 

38 

36 

22 

16 

22 

11 

10 

26 


15 

22 

15 

12 

26 5 

16 

13 3 

42 

14 

20 

30 

24 

20 

42 

31 

20 

32 

11 

10 

36 5 

20 

17 5 



— 

— 

33 


6 

48 

43 

34 

44 

42 

21 

53 

36 

8 

58 

46 

29 

50 8 

41 8 

23 

- 





30 

13 

11 

12 

6 

clot 

21 

95 

11 

28 

27 

24 

34 

30 

3 

- 



31 

28 5 

13 5 


3G 

40 

44 


40 


17 

18 
19 


18 


3 

5 

7 


30 Fresh 

44 

GO 

55 


47 3 


25 Kept corked 
14 
20 
IG 


18 8 


25 Sealed botlle 
25 
31 
18 


24 8 

10 Sealed bottle fi'c 
42 months old 
3G 
12 
44 


58 5 

10 Open leottle fo'ir 
months old 


13 8 


2G Open bottle orit 
23 month old 


24 3 
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eoratio g wood, jr—glabence a hofeb 


Cook No 1 


A\cra"e 
Cook No 1 

A\eiage 
Cook No 1 

A^ crage 
Cook No 2 

A\Giage 
Uood No 1 

A% Cl age 
Special 


Aiciage 


Table 7 — Contimied 


0 14 

34 

27 

18 

2G Flesh 

0 14 

44 


24 

34- 

0 14 

30 


15 

22 

0 IG 

8G 


G6 

76 

0 21 

15 


6 

11 

0 158 

41 8 

27 

25 8 

33 8 


38 

34 

18 

30 Sealed bottle 

U iO 

0 16 

84 

74 

53 

70 month old 

0 17 

63 


31 

47 

0 IG 

G1 7 

54 

32 7 

49 0 

0 12 

30 

35 

38 

34 

013 

40 

39 

27 

3d 

0 13 

52 

22 

22 

32 

0 127 

40 7 

32 

29 

33 7 

017 

37 

17 

7 

20 

0 18 

15 

9 

G 

10 

0 17 

7 

2 

0 

3 

0 175 

19 7 

93 

43 

110 

0 IG 

4G 

35 

22 

34 

0 17 

40 


13 

27 

0 24 

45 

30 

25 

33 

019 

43 7 

32 5 

20 

313 

0 14 

15 

4 

2 

7 

0 14 

12 


0 

G 

0 20 

3G 

20 

IG 

24 

0 23 

37 

34 

22 

31 

•> 

30 

25 

18 

20 

0 17S 

2G 

20 8 

11 G 

18 8 


CIIE3IICAL ASSAY 

Tlie onlj' methods einplojed for the chemical assay of ergot ha\c 
been ^allOlls modificatioiis of that of Keller, ivhicli is based on the per 
contage of total alkaloids pieseiit As far as our reading goes, the^ is no 
cxpciuneiital evidence to show that the figuies obtained b} ® 
inctliocl of assay bear am relation to the pin siological activita o ^ _ 

out cpcciinens of eigot The papei of Dohme and Crawford w ne i 
'i^mctinies quoted as denioiistiating the value of Kellers test, i„ ope 
'cioral serious objections It reallj proves nothing bejond the 
c ui obtain fioni eigot pin siologicalh actne alkaloids ^ 

’omul that the relationship between the percentage of alka oi A 
CiMti of ergot Mheii tested b\ the cocks-conib method i e 
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LXr* / 7 f of Kcllo . 

as the™ ,sl e 1 a™ ’7'’™-0'«o‘““ ond the melt eigctmm, aed that 
here is no method of separating these alkaloids, the resultant ilgnics 
aie untiustworthj^ 


In the course of our expenments m the biological staudaulization of 
eigot we were struck by the fact that those samples of fliuclextiact mIucIi 
^ ave ut little pieeipitate on the addition of watei weie uniform] v of 
ow potency, this led us to investigate the possible i elation betireeu tlie 
percentage of resinous matteis and the activity of the diug Aftci 
expeiimenting with various solvents, ue finall 3 decided on the following 
method Take 10 cc of fluidextract of eigot, add 20 cc of watei 
shake with repeated portions of 10 e c each of benvol, until the lattei 
comes awa 3 f colorless, unite the various poitions of benzol m a faied did) 
evaporate over a water bath and dry at a tempeiatuie of 37 C to constant 
■weight We may remark m passing that almost unifoimly vei 3 tioiiblc- 
some emulsions are foinied, these can be most readil 3 ' broken up b 3 flic 
method suggested bj Dunn, of adding filter papei to the emulsion 
We have alread 3 ’^ described the chemical nature and pbjsiologienl 
piopeities of the body which is obtained by benzol extraction We wi=Ii 
at this place, simp] 3 f to emphasize the fact that the benzol extinctne docs 
not represent the total resin of ergot, tlie piopoition of the watei-m=olii- 
ble substances which are dissolved bv the benzol laiies gieatli m dilTci- 
ent specimens 


Whether oi not our ideas of the natuie of this substance arc coriect 
■we aie well satisfied that tlie amount piesent is an accurate mdicntoi of 
the actintj" of the fluidextract of eigot We gne heiewitb ("J’.iblc 
S) the results of compaiatne ph 3 siological and chemical a«=<ii“ 
of twenti-one samples of fiuidextiact,-^ jangwg m ph^) 'lologicnl actnd' 
from 4 to 63, coveimg the whole gamut of possible degrees of power 
It will be noted tJiat the peicentage of ben/ol extraclne incrcn^e'- rcgn- 
lail 3 ' the jilnsiological activitj becomes gienici There arc, a« miidit 
be expected, one or two slight deiiations horn mathematical exaciitiide 
but these aie mostly well w’lthin the limit of error In the ca=o of tlu* 
sample maiked Special, two of the ph 3 siologicaI fe=D differed \en widoh 
lioin the lest of the senes (see Table 8) Dxcliiding ll) 0 =c iwo exp'ii- 
nients the plnsiological ligme would be 27 instead of 

24 The ^iinple labeletl XVood >*0 2 is a 70 per cent tincture, hut is nl'-nli**’! 
to corrosjioml to Ihiitlovtnct 
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'J’Miii 8 — ElstjLts or Comparative Physiologic \.l axo Chemicvl As'-vts oi 

21 Samples of Ergot 



Pei cent of 

Piise of 

Piepaiatiou 

Spbacelotoxin 

Blood pi cssui e 

Sq E\p 

0 07 

4 

arner 

0 09 

G 

Ketail No 4 

0 27 

10 

Cook No 2 

0 24 

11 

SEE No 1 (C) 

0 35 

19 

Squibb No 2 (0) 

0 37 

20 

Cook No 1 (0) 

0 39 

18 

Wood No 2 

0 42 

20 

S K E No 2 (0) 

0 45 

14 

S K E No 1 (S) 

0 48 

25 

Squibb No 3 (S) 

0 49 

29 

Cook No 1 (S) 

0 55 

34 

Squibb No 5 

0 54 

40 

Special 

0 58 

19 

Squibb No 3 (E) 

0 58 

37 

Squibb No 2 (S) 

0 59 

40 

Cook No 1 (E) 

0 68 

34 

Squibb No 4 (C ) 

0 69 

44 

Squibb No 4 (S) 

0 70 

47 

S K E No 2 (S) 

0 78 

39 

S K E No 2(F) 

1 05 

63 


Foi easier compieliension of these lesnlls, we haie plotted them in a 
chagiaimiiatic foiin, in Figiiie A, the abscissa lepiesents pait^ pci ten 
thousand of sphacelotoxm and the oidinate niillimeteis of ii«e of blood- 
pic'isuic We have diavn on this tigme, tuo paiallel lines lepiesenting 
laiiations of o inni in the blood-piessiiie above oi below the aieiage 
which IS the limit of acciiiacy we claim foi oiii method of pin biological 
asbiiv In this liguie, foiii specimens aie slighth outside of thebe limit= 
Of these, one is the sample labeled in oiii Table S K F Xo 2 (0) , 
of this baniple iinfoitunatel}, we have but two pin siological testb and 
one of thebe is not complete on account of a clot at the end of the ten 
inmuteb, qq that w'e can place compaiativeh little lehance on the pln=io- 
loiiioal figuie Of the othei foni sainjiles Aihich fall without the lnnit= 
inoiitioncd onh one is moie than 3 mm of pie=sine ontbide thebe Innitb, 
‘■0 we feel pistified in claiming that theie is a maiked degiee of paiallel- 
nin between the pin siological actniti of the diiiir and the pcicciit.iae 
of '■phacolotOMii 


\noihci fact which is stiongh coiioboratne of the \alue of thib 
incihod of a^'•a^ is that in specimens which haie detcrioiated iiom lone: 
heopmer, the dimiiuition in the amount of b])haceloto\in 11111 = clo-eh 
piiallcl lo the los^ of pin siological powoi (bce Table 121 linn > K 
1 Xo 2 when fiobh <Ia^e a chemical a=ba^ of a little oerr 1 nt * <^'ni 
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extiact kept hermetically sealed^ showed six months latei a sphaceIoto\m 
content of 0 81 pei cent , the same preparation, left uncorked, fell m its 
chemical assay from 1 05 to 0 45, and in its physiological figures from 
55 to 13 Similar parallelism may be noted in the case of Squibb Ko 4 
Squibb No 8 and Cook ISTo 1 

A further confirmation of oui beliefs we are enabled to offer through 
the eourtesj^ of E E Squibb and Son This firm prepared for us two 
concentrated pieparations from the same sample of crude eigot, one of 
which contained 0 5 pei cent of alkaloid by Eellei’s method and 0 7 per 
cent of sphacelotoxm , the other preparation contamed the same amount 
of alkaloid but yielded 4 0 per cent of sphaceloto\in The foimer piepa- 
ration, rich in alkaloid, when injected into the dog m doses of 33 mg pci 
kilo caused a rise of 14 mm in the blood-pi assure, and in a dose of 53 nig 
gave a use of but 34 mm The other preparation, which contamed a high 
peieentage of resin, gave in doses of 33 and 39 mg, 40 and 45 mm rise 
lespectn ely 

Table 9 — Cowparisox or Tn o Pbeparatioxs prom the Saml S vmh i or 

Ergot 



Per cent 

Per cent 


Else of 

Prepaiation 

alkaloids 

spliacelotoxin 

Dosegm 

pressure 

A 

0 55 

0 70 

0 022 

13 




0 053 

24 

B 

0 60 

4 04 

0 023 

34 




0 020 

41 


Eurthei eiidence of tlie value of this method of assay is derived from 
a studv of the compaiative activity of the matter e-\ti acted b} benzol 
and the residue left behind after benzol extraction In Table 10 arc 
the protocols of thiee expeiiments made with different portions from 
fluideitract Cook No 1 It will be seen, that while large doses of the 
water! lesidue pioduced a slight use of the blood-pressure, the effect wa"^ 
in no waj compaiable to the strength of the whole fiuidevtract Thus in 
Evpezmient 3, the injection of an amount of the marc of the fluidcvtrac 
equivalent to 0 IS gm of the original fliiidextract produced a rise o 1^ 
mm , 0 15 gm iiioie of the same prepaiations produced a maxiinuni n..- 
of 39 mill above the normal (we did not wait long enough to detenni ^ 
how well this rise would be maintained), but an injection of the 
extract from the same pieparation reprcsenbng 015 gm of crj.Oi I 
duced a maximum rise of 55 mm above the normal, or 3(5 nim a lOvc 

point at which the injection was made ^ 

The actnitv of a number of these waterv residues in compa 
with the activitv of the whole fluidcxtract i= prc=enfcd in Teh c 1 



EORATIO C WOOD, JR— CLARENCE A EOFER 


411 


lAiui 10 — Activity or Watery Eesidues in Comparison with That of 

Benzol Extract 


Time Pressure. 
Fluidext Cook No 1 


0 

97 

1 

105 

4 

97 

15 

100 

If) 

108 

19 

100 

22 

123 

28 

119 

35 

128 


Inject watery residue equivalent to 0 15 gni 

Inject 0 15 gm more of watery residue 
Inject benzol extract equivalent to 0 21 gm 


fluidextiact 


fliudexti act 


Cook No 1 
0 96 

2 105 

4 105 

8 124 

9 

10 160 

12 145 


Inject 0 12 gm 
Inject 0 15 gm 
Inject 0 15 gm 


watery pait 
more (wateiy pait) 
benzol soluble 


Cook No 1 
0 114 


2 

6 

0 

8 

12 

U 

15 

17 

19 


142 

140 

142 

145 

153 

145 

140 


Inject benzol extract — 0 28 gm eigot 


Inject benzol extract — 0 11 gm eigot 


Inject watery residue — 0 17 gm ergot 


'i\iuc 11 — Activity or Watery Reside es in Comparison with thvt or 

Fleid Extract 

Sample 
Squibb No 3 
Squibb No 3 
Squibb. No 5 
Squibb No 5 
Squibb No 5 
Cook- No 1 


Part used 

Dose 

Jlax rise Ai 

rise 

Fluidextract 

0 15 

45 

37 

Watery residue 

0 17 

25 

12 

Fluidextract^ 

0 15 

57 

40 

.Watery lesidue 

0 17 

4 

1 

Watery residue 

0 23 

10 

7 

Fluidextract * 

0 10 

42 

34 

Watcrj residue 

0 15 

8 

4 


•llic possession of a slight degiee of actnity b} the residue is not in 
991 opinion, a potent objection to tlie method The United States Pliai- 
macopeia recoinniends tlie assaj of opium foi its nioiphin, neglecting 
cihei aclue alkaloids 11111011 aie present and it must certainli be tine 
ihai the residue left behind 111 the opium aftei extraction of the mor- 
uhin i;; jiot entireh iiieit in the same iiai, mix loinica is as'aied foi 
"tiichnin. euiireli oierlookiiig the presence of biiicin Ii 1= apparent 
‘herciore that chemical assai mai be saiisfacton even if a slmht deg^-c: 
potr'iici reiii.iin* in the maic 
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We have met, howevei, Mitli a moie seiious objection to oiu metliod 
ot eiiemical assay m testing piepaiations otliei than the flindextiact 
Toi instance, Squibb sent us an expeiiniental pieparation of eigot vlucli 
sboued 0 45 pei cent of Kellei eoinutin and 0 21 per cent of spbacelo- 
toxin Tins peicentage of sjihaeelotoxin coiiesponds to plnsiological 
activity of about 10, jet a dose of 0 16 e e of this sample produced a 
use of 53 Him It is evident, tlierefoie, that it is possible to obtain a 
uateij'^ solution of eigot which contains so large an amount of jiaia- 
hj droxjqihenylethylaniin, oi some othei piinciple, as to pioduce a con- 
siderable rise in the blood-pressuie although the sphaeelotovm content 
may be veij'’ low, but also it is possible to obtain a piepaiation fiom 
opium, almost fiee fiom moiphin, which ivould be highly depiessant to 
the respiratoiy eentei thiough a large amount of codein We vould point 
out that while it may be possible to make vateiy piepaiations of ergot 
which will give, when tested bj^ the blood-piessuie method, high figure' 
yet such piepaiations aie made at a gieat vaste of eigot Foi instance, 
the piepaiation just mentioned was supposed to be foiii times the stiength 
of the fluidextiact, and yet when tested phj’^siologically it vas in tlie same 
class with an active fiuidextract In other woids, there had been a ]os= 
of ergot amounting to 70 per cent We have found that all those vater^ 
preparations which we have examined hare been fai below tlie stiengtli 
vhich the manufactuieis claimed foi them 

Another exception to our assay method is in the case of picparations 
made vith ghceiin, as foi instance, bj’’ the fonnula suggested bi G 
Beringei We have examined two such piepaiations, one made bi l^lr 
Beringer himself and the other hy Piofessoi Cook One of these ga\e a 
phj'siological figuie of 21 but jielded only 019 pci cent of spliacelo- 
toxin The other gave a use in blood-pressure of 15 mm but onl\ 0 OS 
per cent of benzol extractive 

CAUSES or riir poor qu ilitv or rnoor 

There has long been great dissatisfaction among clinicians vifli die 
quality of eigot vliich is available for practical use Our iniC'figatien 
shov that this distrust is veil giounded Of four preparatioiu "bn i 
ve hare obtained from the most reputable ictailei= in Phibidclphnp^^t ic 
most actne gaie an aieiage sustained use of onh IS mm the o i r 
thiee gaie lespectnelj' 10 11 and 5 mm If tlii'i i': "hat ma\ be *''•1' 
from tlie bettor class of retail phaimacist= it i= apparent tbnt the I m 
extract ot eigot as ordinaiih dispensed on pie=f ripiion= i- nc'irh nnri 


2) Bcnnuer I’roc Am Plinrm A^'ii inns Uj ‘>S1 
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There are four possible causes foi the lack of activit}' of commeicial 
‘•ainples of piepaiations of eigot (1) original ineitness of the cliii" 
(2) changes taking place in the ciude drug, (3) iinpioper methods oi 
extraction, (4) changes taking place m the piepaiations after inanu- 
faotiue ^Ye shall consider these four causes seriatim, and endeavor to 
tind out the most important ones and to point out a remedy for tlie 
])ie':ent undesiiahle condition 

As to deferences in the activit}^ of a fresh drug ouing to possilile 
mtiuences of climate, soil, and so foith, oui evidence is compaiativeh 
nicagoi It IS so difficult to obtain authentic samples of the ciude ding 
fiom (liffeient localities that it is almost impossible foi investigatoi= to 
acciiiately detcimiiie this point Oui sole evidence is based upon three 
•'amplcs of eigot Thiough the couites} of H K Mulfoid and Compan^, 
vc veie proMded uith a sample of Geiman eigot and one of Spanisli 
eigot We found the Spanish moie actne than tlie Cleiman eiirot 

As to the deter 101 ation vhich takes place in crude ergot, this may be 
the icuilt of one of two causes, the attacks of insects to which the drug is 
peculiail} liable, or spontaneous chemical changes taking place in the 
diug Giunfeld tested a sample of crude ergot by the cock’s-comb 
niethocl at raiding intervals He found it lequiied, in October, twice 
the dot-e that it did nr August to produce the same degree of leaction 
and that in Febiiiai> it required eight times this dose, in April twelve 
iniio'! the dose, and b> the following June no dose would produce the 
UMciion Tins would indicate a deteiioiation in the first two months ol 
beeping, at the rate of 6 2 per cent a week, iii the first six month*? of 
beeping a latc of 3 5 per cent per week, and in nine months of keeping 
a late of 2 8 pei cent a week We attempted to make an investigation 
nito this point, but owing to vaiious obstacles, the lesults are of no value 

Oiuiileld does not mention how the ergot was kept, except that it 
wa? powdeied Although the expeinnents which we made as regard*? the 
beeping qualitr of crude eigot do not throw anx light on the late of 
deienoi ation tliex arc at least suggestive as to the influences of difi’erent 
luolhod*? of stoiing On Xoxembei 1, 1^08 we leceixed from Smith 
Khiio and Ficiich a sample of fluidextract (marked in our table*? ns 
^ f' FTo 1) and also a ‘?ample of the ground emot fiom which tin? 
flu’dexti.ut was made The ciouird eigot wa*? divided into thiee poi- 
*i"iiv one of xihicli was kept in a paper box the ‘?efond hermeticnlh 
'•iihd 111 a gla*?*? bottle and the third xxas dried for fortx'-eieht lioiir*? at 
^ ^cuiptn.unie of ,17 C and then hermeticallx sealed At the time tbi- 
'laot na'- reoeued we had not xet worked out our method for a clunut d 
'"'i' of the dnur and the fmuie*? on tin*? point arc therefore lp( muz 
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Tlie physiological test which was made of this fluide\tiact at the time 
it was received showed a use of 47 mm, but this figure is eiidenth 
too low, when taken in the light of the chemical studies later made of the 
ground ergot The three samples of crude ergot weie made up mto 
fluidextracts by Professor Cook six months later and yielded the follov- 
ing percentages of sphacelotoxin 
Sealed, 0 81 
Dried and sealed, 1 10 
Kept in paper box, 0 93 

These figures indicate that the best method of keeping crude ergot is 
to dry it at low temperatures and then to protect it from atmospheiie 


influences by keeping it heimetieally sealed 

If eiude ergot loses strength as rapidly as the figuies of Grunfeld 
indicate, it is evidently important to determine the length of time whic i 
ordinarily elapses between the harvesting of the eigot and its manu nc 
ture into fluidextraets In the present condition of the ergot iisinc.w, 
both in Europe and in this counti}', it is almost impossible o oiou 
definitely the age of any individual sample of ergot Some of the laige 
manufactureis have their own agents in tlie ergot '^i®tiic s o lU 
and are therefoie able to know withm reasonable probabil^ of the i - - 
ness of then supply, but the smaller manufacturers vho have to re ) 
general importeis of the drug are entirely at tlie mercy, 

European dealers, who will hold over from year to yoox any o - 

not sold immediately after its collection, and also o le 30 

country uho sell, of course, any stock that they happen 0 a ^ 

We have a sample of ergot, obtained from a Lon ^ ^ 

llulford & Co, which 110 s iccened lo Lo^oo » IDOi 

ment that it had been kept in cold storage for tiree 

reached oni hands in 1908 was therefore at eas x'nsrueh se"’* 

was thoioughly woim-eaten, but m its appenran 

gested ergot In the letter winch rentable, but 

ment by the exporter that “if sifted 1 or if 

conld be salable at current prices onlv it a .care , 
wanted foi a cutting contract foi some institution AuKlextrart-, 

As bearing on the quality of eigot uhich m made up ^ 
it IS mteiesting to note that of seven fluidcxtrac ' ctaiidard 

us direct!} h} the manufacturer, six reached a . 
activiti one specimen uas practically inert of ergot pn* 

Some ,oar; ago, D. E H Squ.bh had a "'"fy ' „■ 

pared M h.a &m. earned 1» a ah.p n.rgcou on a . . ^ 

norld and nhen, m the conrac of lune >t ra,ne back to 
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clinicallA and came to the conclusion that it was actne A '^iinilai 
obscnaliou to that of Di Squibb has been lepoited by Shaij)-® inth a 
hquide\tiact of the British Pliaimacopeia, which he found actiAe aftei 
tuche months Laigely on the basis of Di Sqnibb’s obsenmtion the 
belief IS prevalent among pharmacists that the fluidextract of eigot is a 
liable piepaiation, and that the cause of the pooi quality of the diiig on 
the maiket is owing to changes in ciude eigot before inannfactnie 

^V(' Mould point out, hoMever, that such evidence is piacticalh Moitli- 
le‘-': In the fust place, theie uas no definite knoudedge of how actiie the 
prcpaiation of eigot Mas uhen manufactured and in the second place, no 
reliable information as to the activity at the end of the ■^eai Clinical 
tests cannot be considered as scientific evidence in such questions 

We liaie, moicovci, vei’^ convincing proof that the fluidevtiact of 
eigot IS fnll’^ as unstahle, if not moie so, than the crude drug Tlie 
CMdcnce of this, as veil as of some points Mdiich bear upon the causes 
of this change, are siimmaiized in Table 12 In this table, the samples 
S K P Xo 1 and Squibb No 2, were leceiied from the manufactuieis 
befoie the chemical method of assaj Mas Mmiked out and for puipo'ses of 
accinacy m iclatne strengths mc haie much inoic confidence in oui 
(lieimcal assay than in any physiological test The figures Mhich are 
iriien foi tliesc tao samples for the percentage of sphacelotoxin repie^ent 
the theoretical per cent that a preparation giving the corresponding 
pbiuological figures should contain 

The inetliod of stud} mg the rate of change Minch took place Mas 
follows As each ncM’ sample of fluidextiact Mas lecened it was dnidod 
niio tlnee poitionc one of mIiicIi was hcimeticall} sealed in a bottle fioin 
"Inch piacticalh all the an had been excluded , the second Mas put awai 
’ll a bottle ‘Jimph stoppered with cotton to keep out the dust thus pei- 
niittnui flee expo'juie to the an the thud bottle was u^ed for immediate 
tc^U 'pPm iPufi poition Mas opened from time to time to take out 
‘‘inall quantities cuch as were needed, inntating clo=eh theiefore the 
‘oiuhtioii': nndci Minch it would oidmanh remain on the phaima- 

U'-t's 

11 Mill be noted that m the bottle exposed to the air, the lo== of 
potonc\ wiib coinpaiatixeh lapid in one ca‘=o a^^ Inah as ’) "> per cent 
'^avh week, and in evei\ instance the prcpaiation had lo«t at lea=t >0 
!'(r cent of itc actnc pnnciple Mitlnn a pciiod of the nionth'= On tin 
''tber hand, tho^o 'samples mIiicIi moio kept hcnnetualli '•calod lo't thf’ii 
'’’■imjth iiiikh molo slowh the nio=t rapid of thc-c ucordnur h t' 

XIorck V Pop lOOS p >02 
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table, being that of S Iv F 1, mIiicIi deteiioiated at the late of 2 3 
pel cent a -week This figiiie, however, is haidiv fan, because tlie sample 
had been kept in a bottle which was opened at various intervals foi some 
tvo weeks before it was sealed, at the tune of sealing this bottle the flind- 
extiaet gave, m tvo expeiiments Aihieli veie made at that time, a physio- 
logical activit}- of onty 30, sothatitispiobable that change had aheadi 
taken place m the piepaiation befoie it was lemoied fioin atraospheiic 
influence Leaiing out this sample ve And that the diminution in 
sphacelotoxin content langed fioin 0 3 to 1 1 pei cent a week In the 
cases of those bottles which weie coiked, but fioni which the an was not 
entiiel}' excluded, the loss of potency i\as, as might be expected midway 
betueen the sealed and the open bottles, shoyying an aveiagc of about 2 0 
pel cent a week 

Anothei piepaiation made foi us by Piofessoi Cook may be quoted 
although ouang to an unexpected pharmaceutical pioblem the evidence 
IS «onieyydiat complicated Piofessoi Cook sent us, in May a fliiidexbact 
made according to the United States Phaimacopeia of ISSO and dnidod 
into tyyo portions, one of yvhieh had been fllteied aftei pei eolation, the 
othei not A poition of the unfiltered half, yyliich contained 0 4.0 pei 
cent of sphacelotoxin, yias sealed, the filteied poitioii which gave 0.31 
pei cent yyms placed in an unstoppeied bottle Poiii months latei, the 
sealed (unfilteied) gaye 0 45 pei cent compaied to 0 49 per cent y\)icn 
iiesh the open bottle but 0 19 pei cent eompaied to 0 34 pei cent yyhen 
liesh It IS inteiesting to note also that a bottle of tlie nnfiltered sample 
y\ Inch had been kept coiked butnothoimeticalh sealed, gaye at the s.inio 
date 0 24 per cent of benzol extinctive 


lAiirc 12 — Test or Ficidi xinvcT or Enooi (Cook No 2) UMira t 


Flesh 

fseiled 

Corked 

Open 


COXDITIOXS OF FltlSIIMSS 
Filtei ed 
0 34% 

0 24% 

0 18% 


AM) EWOSCRf 
Uiifiltercd 
0 40% 

0 41% 21 y^eeks old 

OWe 21 yypeks old 
21 \yeeks old 


vruors 


Tile eyidence quoted abo\e as to the changes vlncli take place m 
the fluidextract of oigot thion much light on the causes of the pom 
quality of diug yyliicli is found in the lotail market In our opinion 
the inertness of a retail fluidextract of ergot is due chiefly to the length 
of time elapsing betiyeen the inannfactme of the fluidextract and it" -a 
to the patient !>ranufacturcis aic in the habit of storing nvay tlifii 
fluidextract foi yaixuiu poiiod- of fioni tliiee to nine niontlw m on <r 
allou n to ‘:cftlc and iieionic clarified Jt then goe- to the johlior v i 
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inaA ‘'loie it foi anotliei ‘jix inontli's oi a jeai it leachcc the pliainiaci«t 
at Ica^jt one, and geneialh tiio Aeais old, and =taAs on In^ slielf peihaps 
anothei yeai oi ti\o befoie it is di'^peiised to the jiatient While a 
tighth corked bottle is almost heinieticall} closed, so that ilic llnidexti.ut 
as stoied by the inaniifactniei is piotected against the deleteiions infln- 
ence of the atmosphere, it must nei^ei theless be lemeinbeied that tlie lo«'=: 
of ctiength, e\en in sealed bottles amounts to iieaih jO pei cent a ^ea^ 
on tlie aieiage It is evident, theiefoie, that it cannot be expected that 
a sample of flnidex tract of eigot mIiicIi has been kept foi two oi tlnee 
•\ear‘:, eien under the most favoiable conditions, can posses'; a great deal 
oi pin siological povei 

One other factoi of impoitance fiom a phaimacentical standpoint 
(le«enes mention, and that is the means vliich aie used foi extiactin£r 
tlie activities from the drug If oiii belief is eoiiect that the most actne 
ingieclient of ergot is sphacelotoxin it is evident that no watei} prepaia- 
tions of ergot can thoionghly leinesent the ding It is, of conise con- 
ceivabh iiossible that bv an elaboiate piocess of mannfactnie, the spliace- 
loloMii could be decomposed and the alkaloid Indio-eigotinin obtained 
H'lns alkaloid, houevei, is itself almost insoluble in vatei. and accoiding 
to Baigei and Can, the ^alts uhicli it foims uitli the inoiganic acids are 
likcvnc but slighth soluble so that eien bv exti acting the alkaloid in 
the flee state, ve can liaidlv hope to obtain a liigbh actne piepaiation 
of cigot Oui expeiiments vith laiious vatei> pieparatiom of the ding 
boai out this deduction We haie tested jilnsiologicall}' tlnee sample'; of 
this class of piepaiations, tvo of which aie on the maiket and lecom- 
incnded foi h-\podeimic administiation. the thud being an expenmcntal 
]uoduct which was sent us In the niaiiufactuiei who wa'; attempting to 
obtain an actne watel^ piepaiation of eigot Xot one of the^e tlnee 
"ainples equaled the tiguie'; which w'cie claimed foi them In the makoi 
'Jb\o of them weie almost absoluteh iiieit and the thud the laliel of 
which boie the statement that 1 cc equaled 4 irm oi eitrot wa;; of aliout 
the strength of an oidinan fluidextiact 

Oui conclusions a« legaids the qualit\ of eigot which i'; at the di"- 
])o^al of the plnsician inaA be ''unnned up a;; follow'; 

t Preparation'; oi eigot obtained fiom letail phaimac]‘'t'; aie alnio-i 
unnei'jalh far below the^standaid 

Xo piepaiation of eicrot which doe=: not contain comidc labb 
iiiiouiit'' of akohol oi some ':ninlai nioiiranic 'ohein can tliC'Cnuunh 
npuvent the dnur 
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3 Starting with an active specimen of crude diug, a fimdextiaet 
fieshl}^ made, aecoiding to the process of the eighth revision of tlie 
United States Pharmacopeia, will furnish a potent prepaiation 

4 Both the crude diug and tluidextiact deteriorate compaiatnel^ 
rapidly 

5 We would recommend, therefore, that all piepaiations of eigot 
should beai on the label the date of their manufacture, or at least the 
date beyond uhich the strength of the specimen cannot be trusted, as do 
the antitoxic serums, and should be pieseived in small bottles, heiraehc- 
ally closed 


Table 13 — Loss of Strength or Ergot by Keeping 


How kept 


Flesh 

Sealed 

Corked 


Flesh 

Sealed 

Corked 

Open 


Fresh 

Sealed 

Corked 

Opened 


Fresh 

Sealed 

Sealed 

Open 


Fresh 

Corked 

Corked 


Freeh 

Corked 


Fresh 

Corked 

Sealed 


Physiological How long kept Loss per i\oek 

Test SphaeelotoMn wks % 

S K F Ko 1 


47 


70* 


25 


0 48 

14 

19 


0 35 

14 

S K F No 2 



63 


105 


39 


0 78 

22 



0 73 

22 

14 


0 45 

20 

Squibb Ko 

2 



37 


0 60* 


40 


0 59 

7 



0 45 

25 

19 


0 37 

7 

Cook No 1 




34 


0 70 


49 



5 

34 


0 55 

22 

18 


0 39 

5 

( ook No 3 





0 93 




0 80 


5 


0 54 


13 

Cook No 4 





1 10 




0 75 


13 

Squibb No 4 





0 95 




0 69 


12 


0 70 


12 


23 

3C 


11 

14 

28 


02 

10 

54 


10 

74 


28 

32 


24 


23 
o o 


IKperinienfal 

Fresh 

Corked „ 

Estimated from the phj =iologicaI figure 


15 


I 3 
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SUMMARY 

The imjioitant facts bi ought out in this papei may he summauzed 
as follows 

1 Ergot IS a stimulant to all the unstiiped muscle tissue of tlie body 

3 As a pait of this geneial action there is a stimulant effect on the 
aiteiial muscles and probably also on the heait 

3 The action on the blood-vessels oecuis aftei destruction of the 
vasomotoi center and must be^ therefore, the result of an effect on some 
portion of the iieripheial vasomotor mechanism 

4 The degree of eleiation of blood-piessuie affoids an accuiate 
criterion of the activity of eigot and is, in our opinion, the most available 
method for the biological assay of the drug 

5 The active pimciple of ergot is an alkaloidal substance which 
occurs in the drug probably in chemical union vith a resinous body For 
the combination we suggest the retention of the name suggested by 
Jacobi of sphacelotoxm and for tbe alkaloidal substance the term applied 
by Kiaft of hjdio-eigotinm 

6 The percentage of sphacelotoxm vanes accurately vith the phy- 
siological activity of difleient specimens of ergot 

7 The percentage of sphacelptoxm in a fluidextract may be easily 
estimated by precipitating vith water and extracting with benzol 

8 A fluidextract of ergot exposed to the air deteriorates extremely 
rapidly 

9 The deterioration of fluidextract of ergot may be much retarded 
by protecting it against contact with the air, but under the most favorable 
conditions there is a loss of strength appioximatlng 10 per cent a month 

434 South Foityfouith Stieet — 5000 Cedni 



THE HTILIZATIOH OE MILK-EAT BY AY ATEOPHIC 

lYEAYT - 


A H WENTWORTH, MD 

BOSTOIf 

This jiaper furnishes a eompaiison of the lesiilts obtained fiom thiee 
obseiiations made on an atrophic infant in -which the absoiption of fat 
■R'^as deteiinined Each obseivation lasted foi thiee days, dining winch 
time the fat in the food and feces w'as detei mined 

Eoi twelve dais immediately preceding the fiist obseivation the infant 
was fed exclusively on human milk and the fiist obseivation succeeded 
this ineliminai} peiiod without inteiiuption Theie was an inteival ot 
foui dais between the first and second observations and an inteival o 
three da 3 S between the second and third observations 

Duiing the first obseivation the infant was given 840 cc of bieast 
milk dail}" Duiing the second observation he was given 840 cc dad} o 
a mixture of cowls’ milk containing approximately 3 per cent of a , 
per cent of milk-sugar and 1 per cent of protein 

During the third obseivation the infant was given 840 cc dad} ot 
a mixture of cows’ milk prepared wutli rennet m winch the peicen ages o 
fat sugar and protein were approximately the same as dining le econc 

observation , 

In the interval betw^een the first and second observations le 
was fed on bieast-mdk The reason for tins will be refeiied to later 
the interval between the second and third observations le -wa. 
same preparation of cows’ milk treated with lennet tlia le r 
during the thud observation 

Carmin was given at the beginning and end of eac 1 0 -cna 

piucrAitATioK or Tnr roon 

The lat in the cieam that was used to piepaie 
was deteimmed each dai b} the Babcock method an ^ 

weie piepared to contain appioximatel} the desirec pi P’ 

In each feeding-bottle lOo c c of the mixtuie weie pu ‘ ^ 

am chance of accidental spilling tlie rubher nipples ^ ^ 

feeding bottles hr stiips of adliesne pla«=ter The infant rccencO 

*rioni the Bjochoniicil I^nbontorv of thf IT'inard ^fcdicnl ch 
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feedings m twenty-foni hours Aftei each feeding the bottles were set 
aside until the next day, and then the}' weie carefnlh rinsed and the fat in 
the rinsings was ultimately determined and the amount deducted from 
the total fat ingested The amount of fat thus left was between 2 5 and 
3 pel cent of the total quantity ingested 

In the third observation rennet was added to the milk to produce a 
finer subdivision of the fat It appeared probable that, when cows’ milk 
coagulated in more or less large and tough curds in the stomach, some 
of the fat which was enmeshed in these curds escaped digestion If, 
therefore, the casein was coagulated before ingestion and was then passed 
thiough a fine-meshed sieve it was hoped that, though the fat would still 
lemain mechanically bound to the casein, it would nevertheless Be more 
finely subdivided and in this way its digestion would be favored 

In Older to test this hypothesis, a mixture of cows’ milk containing 
appioximately 3 per cent of fat was prepared and treated with rennet 
On attempting to rub the coagulum through a sieve it was found that 
a considerable poition did not pass thiough and when this jiortion vas 
‘squeezed between the fingers it was found to contain fine, hard particles 
Professor Polin suggested that I add the rennet to the cream and prepare 
the niixtuie afterward 

The required number of ounces of cream to give 3 per cent fat in the 
mixture was treated with rennet and it was then found that the entire 
coagulum could be pressed through the sieve and that, when squeezed 
betv een the fingers, it smoothed out without leaving hard particles When 
mixed Mitli the other ingredients of the miUc mixture it settled to the 
bottom of the nui sing-bottle but with a somewhat larger apeiture in the 
nipple, and by shaking the bottle occasionally during the feeding, lery 
little leniamed behind The amount of fat not ingested did not exceed 
that of the other periods 


COLLECTION OE EECES 

The urme was not required for these observations, and a simple and 
efiectual device was emplojed to prevent the admixture of urine and 
feces The penis was put thiough a small opening in a sheet of rubber 
dam The edge of the opening was fastened to the penis b}' a nairou 
'^tiip of adliesive plaster The rubber dam vas pmned to the mattress 
on either side Ifapkins vere placed under and over the penis to absorb 
the urine 

In pievious metabolism observations I made use of a Bradford fiame to 
collect the feces and urine This time I used a mattress such as the infant 
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was accustomed to A suitable opening was made in the mattiess and 
the edges and several inches of mattiess adjoining tJie edge on both sides 
were covered with lubber sheeting A wiie tiay uas fastened to the bed 
beneath the hole and close to the mattiess The wiie tiaj held an oblong 
baking-tin a little smaller than the traj in u Inch the feces u ere collected 
These pans could be lemoved and leplaced meielj by sliding them m and 
out of the wiie tray During the obsei nations the infant neeessnnli 
lequiied more attention than usual and he uas invariably cbeeiful vlien 
awake and slept normall}’’ 


METHOD OF ANALYSIS 

Duiing the three metabolism periods tlie fat in the food was detei- 
inined each day by the Soihlet method Duplicate analyses weie alwai' 
made Following the method of Black for the determination of o\y- 
butjTie aeid^ in the mine;, plastei of Pans was added to 20 cc of the milk 
with constant stirrmg until the desired consistenc}^ was reached It va« 
then kept in the ice-chest until it could be analyzed It crumbled leadih 
uhen drj’- and afforded a very simple and conienient method foi detei- 
minmg the fat in milk 

It was impossible by this method to make analyses of the lennet piop- 
aiation agree;, because of the unequal distiibntion of the fat The diffi- 
oulty was overcome by accuiatelj' w'eighing and measuring a considciable 
quantity of the rennet milk mixtuie, eiaporatmg this to dijncss, leveigh- 
ing the dried residue and then extracting the fat from weighed portions 
'The total fat was calculated fi om this lesult In this waj lei) close 
controls were obtained Siilphuiic ethei was used in the food anahso= 
The fat was detenniued in the feces by a method recently deiitcd b' 
Professor Folin ■ Some of the analyses of fat m the feces made la':! 
^ear b} an oldei method did not check and so I diseaided them all and 
applied to Professor Folm for a moie accuiate method Thiw far the 
method has not been tested in substances othei than feces and heie it 
appeals to give rerj accuiate lesults Biiefly desciibed, Folms methof 
IS as follows 


The fat is extracted ^^Ith acid cthci prepared hi pa’^sing p 
acid gas into anhydrous ether (the degice of ncidih is con ro c n i < , 

The extract is o^aporatcd to drMiess and alloyed to „ 

pell oleum ether The petroleum elhei «olntion is careftilh eicf * 
temperature under 100 C and veighed as total fat Tlie n w icn 
in ben/ol, hoafed to hoiling and titrated, ynilc hot, asrain^f a an 


1 Black 0 r Tour Biol Clieni lOOS, \ 

2 Tolin dour Biol Chem , Tune, 1010 
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of metallic sodium in absolute alcohol, using plienolplithalem as indicatoi The 
end point is very sharply defined When a large quantity of fattj* acid is 
piesent it is advisable to continue the heat during titration In this vay the 
soap, vliich IS formed, is kept m solution and permits of a sharp end point If 
it IS desired to estimate the fat ■which is present in the form of soaps, then 
anhjdrous sulpliuric ethei is used for a first evtraction ^\lth subsequent treatment 
with peti oleum ether, etc, as described above, and this is followed by a second 
e-vtiaction with acid ethei, etc, thus making two proceduies which are identical, 
including the titration, except that two solvents are used The first extraction 
removes the neutral fat and fatty acids the second extinction lemoves the soaps 
which have been conv cited into fatty acids 


Tabu’ 1 — ^Oltfriiixatiox or Fat ix Feces 
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Bi east-milk 

83 2 

74 3 

26 5 

33 4 

Ob 

27 4 

8 8 

10 G 

2d Period, March 10 to 12 — 
^lodified cow’s milk 

3d Period, March 15 to 17 — 

72 

63 7 

15 3 

54 4 

04 

49 75 

8 3 

11 5 

^lodified cow’s milk with 








1 ennet 

72 3 

64 

15 7 

52 75 

05 

47 75 

8 3 

11 5 


GEXl'RAL CONSIDERATION 

Beloie discussing the lesults of this obseryation it is necessai} to 
loiisidei ceitain points in connection with the feeding whicli beai diiectl}' 
on the lesults 

In the inteival between the bi east-milk and the fiist cow's’-inilk obsei- 
^atloll the bab} was fed on bieast-inilk I intended to have the infant 
fed on the same mixtuie of cows’ milk that was given duiing the second 
obsenation but concluded not to do so, because he pieviousl} had shown 
a lack of tolerance foi cows’ milk, and I washed to test his absoiptive 
poweis foi cows’ milk undei the most fav^able conditions A compaiison 
ot the second and thud obseivations shows that the results weie almost 
identical co that the inteival of breast-milk feeding did not appeal to 
e\eit anv maiked influence on the second obseiyation I did not wish to 
tost the toleiance of the infant foi cows’-milk fat, but on the othei hand. 
I desiied him to ingest, if possible, an amount of fat compatible wath a 
"am in weight In addition to thi': it was desirable for pinpose= of 
‘"nipaiisoii that appioximatelv the same quantitv of fat should be 
>nge«ted in each obseivation and it was impiobable that the bie<i‘-t-inilk 
I'ould contain much less than 3 pei cent ot fat 



424 


MILK FIT IX ITKOPBIC IXFiXTg 

At the hoiu selected to begin the hist obseivation a Babcock test of 
the breast-milk shoM^ed 5 4 pei cent of fat As the supply of breast-iiidk 
was limited 1 had the alternative of postponing the observations, lutli a 
veiy good chance that something else would occur to complicate matteis 
or of using this milk foi the first twenty-foui houis and seeming milk 
from another wet-nurse for the remaining forty-eight boms TJndei tlie 
eiieunistances it seemed wisei not to postpone the obsei ration 

At tlie end of the first twenty-foni houis the infant vas not so Iniiign 
as usual and left some of the milk On the next daj the nulK v<i'' 
obtained from anothei wet-nurse and contained 2 5 pei cent of fat Tlie 
baby s appetite leturned and he showed no finthei signs of distuibanco 
The excessive quantity of fat taken the first day ma} ha\e influenced the 
subsequent absoiption of fat The weight of diied feces dining the bi east- 
milk period ver}' much exceeded that of eithei of the other two periods 
Theie m always an unknown and unavoidable enoi in the segregation of 
feces, but the diffeienee between these 2 ieriods appeals to me to bo laigei 
than can be accounted for on this giound 

O 

CONSIDERATION OE RESULTS 

The diied feces fioin the breast-milk peiiod contained 33 4 pei cent of 
fat, from the fiist cows’-niilk peiiod 54 4 pei cent and fioin tlie second 
covs’-milk peiiod 52 75 pei cent This dilfeionce between the bienst and 
cows’-milk periods is offset to a great extent when the total peiccntage ot 
excieted fat is estimated If we assume that the fat m the feces icpio- 
seuts fat that has been ingested, then 10 6 pei cent of the ingested fat wa- 
exereted in the feces during the hreast-milk period against 11 o per cent 
duiiiig each of the cows’-milk periods I have little doubt that the 
absorption of fat dining the bieasl-niilk peiiod was disturbed bi tlm 
excessive quantity of fat ingested the hist dav, and tliat these peiccnt<%i 
do not affoid an accurate basis for coiniianson of the thiee period-- If 
we consider the actual qnantit} of fat ingested and ab^^oibed m cacli of die 
tluee periods an entirely different result is obtained During the Inea' - 
milk period the infant ingested 11 gm and absoibed 10 35 gin more fat 
than diiimg eitliei of the cow s -milk peiiods In othci woid= he ab'-or be. 

16 per cent moie fat during the bieast-milk peiiod than dmm'r ci< a' 
of the eows'-milk penods It niav be aigned that if the cow-^-nn k bit 
had been laisocl to 5 4 per cent for one dav, as wa^ the ca^c wit i * 
bieast-milk, then the absorption of fat m tlie cow«-mjlk ponof - won < 
have equaled tliat in the breast-inilk period Tbw did not prove tn t ^ 

1 patient with infantile atropln fed on a cows'-milk inivture in w m i ’ 
fat was increased from 2 5 to 3 per cent the oflici imrrcditnt en 
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daily quantity lemaining unchanged ^¥llen the milk contained 2 5 per 
cent of fat the dried feces contained 41 per cent , when the milk-fat was 
laised to 3 pel cent the dried feces contained 50 5 pei cent of fat This 
was a marked increase in the excietion of fat following a relatively slight 
increase in the fat ingested Such a high percentage of cows’-milk fat as 
0 4 if given to this ati opine infant, who had pieviousl\ shown his inabil- 
ity to toleiate 3 pei cent, would, in my opinion, have terminated the 
nietabohsm obseivation on the fiist day, owing to the disturbance vhich 
it would have caused in the digestion 

The appaient intolerance foi cows^-milk fat previously shovn by this 
infant, the fact that so little digestive disturbance followed the adminis- 
tiation of an excessive quantity of human milk-fat, and the much laiger 
quantity of fat absorbed during the hieast-milk period, may safely be 
accepted as evidence of a much greatei tolerance foi human milk fat than 
for cows’ -milk fat Whether this difference is due to difference in the 
two kinds of fat or to the presence or absence of othei ingredients in the 
two kinds of milk can be detei mined only by further experiments 

It IS inteiesting to note that only 4 oi 5 pei cent of the fat in the 
feces IS piesent as neutial fat I have lecently confiimed this obseivation 
m a nuinbei of noimal and atrophic infants The lennet prepaiation of 
cows’ milk did not appeal to favoi the absorption of fat as compaied vith 
a similar mixtiiie of cows’ milk without lennet 

COMPAEISOlSr OP WEIGHTS 

A compaiison of the weights of the infant duimg the thiee metabol- 
ism peiiods cannot be made, because the caloiic value of the bieast-milk 
and coivs’-milk inixtiiies was not identical It is interesting, howeiei, 
to note the gain in weight that vas coincident vith the admmisti ation 
of bi east-milk, vhicli persisted as long as sufficient quantities of bi east- 
milk weie given, and that the toleiance foi cow’s milk became much 
niipioved dining this tune 

The babv was under obseivation for bveiit'^ da3s previous to admission 
to the klassachiisetts Infants’ Asjdum He was 13i/> weeks old and jne- 
seiited the usual s3nnptoms of infantile atroph3'^ A tuberculin skin test 
"as negatire For the first three da3’'s of this period he was gnen a 
" he3 -and-ci earn mixture which contained 3 per cent of fat, and tor tlie 
lollov ing nine da3 s a similar mixture which contained 2 5 per cent of fat 
1 iie lood Mas then changed to a mixtirie of con s milk vliicli contained 
1 10111 2 75 to 3 pel cent of fat, 6 to 6 o pei cent of milk-sugar and 1 to 
t 5 pei cent of protein The daih qriantitv vas S40 c c There vas ren 
httle change in the v eight during these twentr dai': — at the beginiiimr 
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3,460 gm and at tlie end 3,450 gin The food iias not Mell digested at 
anj^ time and the baby vomited occasional!} 

He entered the Massachusetts Infants’ Asylum Tebiuary 18, at tlie 
age of 17 ueeks, and was given a mixture of cows’ milk foi one day and a 
malt soup mixture foi tivo dajs His condition was so bad at this tune 
that he was giien bieast-niilk Fioin this date (Febiuai} 21) to Maieh 

10 he ivas fed on bieast-milk and gained in weight fioni 3,430 to 3,800 
gm m sei enfeen da} <5 , that is, a gam of 460 gm The dail} quantiti ol 
bieast-milk ranged betueen 840 and 890 gm (28 to 291/. ounces) 

Beginning March 10 he was given daily 840 e c of a modification of 
tow s milk which contained appioximatcli 3 pei cent of fat, 6 pei coni 
of milk-'^ugai and 1 pei cent of piqtein This was continued until 
March 21 The weight March 10 was 3,890 gm, and March 20 it was 

з, 950 gm , a gam oi 60 gm in eleven days 

Vomiting occurred on Mai eh 21 and foi a time the bab'V was gnon 
alteinate feedmgs of bieast-milk and a whe}-and-cream mixtiue Marcn 
23 his wmght was 3,880 gm, and iioni this date until April 8 (eighte^ 
da}s) the whe}-and-cieam mixture and bieast-milk were ^ 

proportion of one-thiid to one-half bieast-milk An uninteirupted 
in weight occurred from 3,880 gm to 4,260 gm 380 gm , 

From April 8 to Apul 28 a niodihcation of cow s mi k con , 
appioximatelv 3 per cent of fat, 6 per cent of milk 
cent of protein w as substituted foi the whc} -and-cieam-n 
nated wath breast-milk The baby continued to gam wo^i -n . 
gm to 4,780 gm-o20 gm m twenty dn}s Buiing « nm1 

March 23 to April 28 the daily quantit} ol food railed 1 
1 000 c c Apul 28 he was 2Gt/^ weeks old and tolciatcd . ] 
cow s-milk tat in liom one-hall to two-thuds of en 

mgested At this time the bieast-niilk was 
960 ec daih of a wlier-and-cieam mutu c - 
the modification of cow s milk that picMOUs ) u 

tilted foi the wher-aiid-cieaiii mixtiiie ami the b. ‘ . 

Duimg these nine days he gamed onh 80 gm „,ntuu- 

iiiilk had impi or ed =0 much that he w a« able t , 

oi cow s-milk and rra« sent liomc m the follow imr Septemb. 

11 montlu old weighimr 6 120 gm „rtit kinan.-‘ 

I glad of tl .0 opportiunb to thank I). 1C 

ni pcitnainf: mo to cnr.i out Ih.. n.^<‘=t,^Mt,on 

clm-ett^ Infant-^ n^r him .„,.„t„ul.ut Ha a. v , mdia r r-) 1 

I„ mhht.on I w.-h to thank tho ,ha oI.m rv .tma^ 

и. t Afi- Mahn for tliur M,]HiMMon m the mUni 

!')’ rrirllioio ■'trwt 



FUETHBR liTVESTIGATIONS I¥ EXPEEIMENTAL 

MYOCAEDITIS' 


MOYER S FLEISHEK, MD ajjd LEO LOEB, MD 

OVERBROOKj PA PHILADELPHIA 

A little ovei a year ago, -vve found that one single injection of 0 E c e 
of adienalin causes, m nianj^ cases, the appearance of a myooaiditic lesion 
111 labbits,^ and that the injection of small doses of spaitein (0 012 gm 
pei kilogram) or caffein (0 025 gm per kilogram), followed the injec- 
tion of a small quantity of adienalin (0 2 c c of a 1 to 1,000 solution), 
piodueed macroscopic changes in the hearts of 60 pei cent of the animals 
and inicioscopic changes in ahnost all cases We concluded theiefrom 
that the tjpical effect of the intiavenous injection of adienalin was a 
caidiac and not an aoitic lesion 

r :miocarditic lesion pkoduced by one injection or adrenalin 

This method of piodiicing a myocaiditic lesion enabled us to study the 
sequence of the changes which lesulted from these injections, by examin- 
mg the animals at various periods after the single injection The changes 
M'hicli take place during the fiist six weeks we have alieady fully desciibed, 
and, now, we desire to call attention to the changes noted at periods 
between six and twentj^ weeks aftei the injection 

We published a preliminary lepoit- concerning the changes noted in 
the rabbits’ hearts at periods of fiom six to fifteen weeks aftei the injec- 
tion, shall here describe those changes more fullj'^ and, at the same 
tnne, leiiew all the expei niiental woik which we have so fai eairied on 
legal ding m^mcaiditic lesions Observations concerning the appearance 
of the myocaiditic lesions at periods twent)'’ weeks aftei the injection aie 
hoio added The effects of tno injections of spaitein and adrenalin vill 

^ Eiom the Lahoiitoij of ExpeiimonlaJ PathologA , UniAei'^itv of reniisAl 
laiua 

1 Fleishei, INI S and Loeb Leo E\peiimental ]Shocaiditis Tnr ARCiinrs 
I^T Med . 1909, m 7S 

2 rieisher, M S, and Loeb, Leo IJie Latei Stages of Exjiei jinental iNhocir 
diti" Tom Ain ^led Assn 1909 Ini 1501 
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also be desciibed, as ■\iell as vaiious othei obsei rations -olucli have been 
made in the couise of the study of these myocaiditic lesions We shall 
fiist review in a brief niannei the sequence of the clianges noted in the 


first SIX weeks 

Macroscopicall}^, the lesion may be noted as eail}'^ as two days aftei the 
injection, but it is most marked when seven oi nioie days have elapsed 
The most common site of the lesion is the posterioi wall of the left icn- 
tiiele, close to the base and near the postenoi mtiaventriculai sulcus 
The lesions vaij^ consideiablj'' in size, but nevei affect the whole of the left 
ventricle The ape\ is usually not involved, but the papillaij muscles 
frequently are The diseased area is pale and of a yellow brown color, as 
contrasted vith the led brown of the noinial eaidiac tissue, it is stiffened 
and has lost its pliabilitj'- and is usually thickened 

Microscopicallj^, the earliest change noted is separation of the muscle- 
fibeis, and this may be found evmn a few minutes aftei the injection 
Tvo davs later, the muscle-fibers may be separated and snollen, and the 
cioss-striations seem to be a tiifle palei than normallj ISot onlj aie 
muscle-fibers increased in size, but the nuclei, also, aie laigei Eien a 
this early peiiod, the number of joung connective tissue cells betnecn 


the muscle-fibers is increased 

In the next few days the changes become moie pionounce ’ 
separation of the muscle-fibers which is piobably due to edema, is marKec 
In places, degenerative changes in the muscle fibeis nia> be no ec , 
fibeis appear to have been dissolved, leaving onlv a thin i mg o mu 
substance sui rounding the nucleus, in other places, the i ers are^ 
trophied, and at othei places, the} contain vacuoles of vaiious 

At the pel lod between twelve and tvventv -one davs a er le 

tlie changes have leached then inaMinum The and 

tissue IS now diffuse, especiallv marked aiounr ^ fiptwccn 

aiouiid the endocaiduim and peiicaidnmi, but it is aLo pi 
tlie muscle-fibeis The degenerative changes have aho progr , 
aie small aieas in winch the musclc-fibeis aie moie oi e 
tlnoughout the fibiillai connective tissue netwoik which is e . 
tercel the nuclei of the muscle-fibeis suiioundcd bv a pale rin 
substance IMost of the muscle-fibers aie nicica^cd m ~ 

occasionallv an atrophic fiber is noted showing an j,rc 

nucloai pigment The tran^veise =triation= have bctoiiie ^ 

not conipletelv de=tioved Vacuoles within the cel - are ii 

but can bv no mean* lie said to be common thev .nj>j>eai u i of 

near the endocardium but are not confined e\elu=ivc1v t t ] 
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the heait The luiclei aie laiger than usual and the appeal ance of double 
nuclei within the cells is more fiequent 

Microscopically^ we find that the interstitial changes begin soon aftei 
tlie injection and become steadih' moie marked, in the eaily periods, tliey 
aie only noticeable aiound the blood-vessels, endocaidium and peiicai- 
dmra, latei, all the connective tissue elements take pait in the piolifeia- 
tion In the paienchyma the principal and eailiest change noticeable is 
an mciease in size of the, muscle-fibers and, associated with this, is an 
iiiciease in size of the nuclei and increase m the numbei of the double 
nuclei 

We have noted the changes in the connective tissue veiy shortly after 
the injection, and usualty at a time when no marked degenerative changes 
u eie noted m the niuscle-fibeis Thus, at a period twenty-foiu hours aftei 
the injection, theie was separation of the musele-fibeis, that is, edema of 
tlie supporting tissue and foitj^-eight hours aftei the injection, ue ha\e 
noted an increase of the 3 '’Oung connective tissue cells At this time the 
only change noted in the muscle-fibeis was an increase in size, due prob- 
ably to edema, and, in the sections examined, we found no marked degeii- 
eiative changes m the muscle-fibeis, such as paling of the cioss-stiiations 
and vacuolization, until the thud oi fiftli day We do not necessaiili 
conclude from these results that the connective tissue changes alwaj^s 
appeal eailier than the degenerative changes, for there maj be some cases 
in which the degenerative changes appear at an eailiei stage than we hare 
noted them Whether the proliferative connective tissue changes are 
piiinar}, oi whether they are secondary to changes m the muscle-fibeis 
(edema oi the muscle fibers), ue cannot state witli ceitainti', but it uoukl 
seem that the eaili interstitial changes are in man}’’ cases not secondan 
to the paieiielninatous changes, but result tiom the edema which is noted 
^eiy shoitlv after the injection Therefore, it is probable that the early 
interstitial and paieuehymatous changes are usuallj independent of one 
aiiothei, and that thej are due to one and the same causal factor 

We hare aheady called attention to the fact that the lesions produced 
bj the injection of spaitem oi catfein and adrenalin are essentiallj* the 
same as lesions noted in hearts of animals in which cardiac hj'^pertropln 
had been pioduced ex-peiiineutallj, oi in cases of hj per trophy of the 
human heart as found at autopsy 

Altogether ue hare examined the hearts of one hundied and tuenti 
labbits killed at various periods uithin the fiist six ueeks after the injec- 
tion of 'jpaitein and adienalin, and we have found gioss mjocaiditic 
. h^ions m 63 pei cent For tj -six labbits liaie been examined at 
canons penods later than six weeks after the injection and only 22 pei 
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cent shoA\ed maeioseopical m 3 oeaiditie lesions These iieio examined 
eight, ten, fifteen, and twenty xveeks aftei the injection ocarditic 
lesions were found in between 23 per cent and 37 pei cent of the rabbits 
examined at eight, ten, and fifteen weeks, but in onh 15 pei cent oi 
those examined aftei twentj^ weeks 

When a myocarditic lesion is present at ten to tu enty u eeks after the 
injection, it is usually smallei, and shades more giaduallj into the normal 
tissue than those noted at earliei periods The loss of pIlablllt^ of the 
ventiicular wall is still noticeable, but onl)’’ larely is the nail tlnckened 
In short, the lesion appears to be retrogressing 

On microscojncal examination, changes are noted even in those heaits 
n Inch show no lesion maeroseopicallj But even the microscopical lesions 
aie much less maiked at eight weeks than those at the earlier periods 
The hypertrophj of the muscle-fibers is less inaiked, and fenei double 
nuclei are noted The connective tissue increase is still diffuse and, m a 
fen places, theie appeal areas of connective tissue leplacing clegeneiated 
muscle-fibers Most of the degenerative changes have disappeaicd and it 
IS only rarel}’’ that i acuolization of the muscle-fibeis is found 

At periods fiom ten to fifteen weeks aftei the injection, the In pei 
tioplij of the musele-fibeis has all but disappeaiecl and the iiumbei of 
double nuclei is no longei inci eased Heithei \acuolization of tlie muscle 
fibeis nor paling of the ci oss-striation is noted at tins peiiod Ihe con 
neetne tissue has non begun to become fibious In some aieas tbcie 
appeal tracts of rathei dense fibious tissue containing nhat appeal to ic 
the lemnants of clegeneiated muscle-fibeis In othci areas infiltiation, 
nitli small cells maj' be seen The fibrou« areas aic not diffuse, but are 
scattered, heie and theie, thioughout the lieait Such aieas aic usua \ 
«niall, but a fen faiily extensive aieas aie occasionalh seen in the cen ra 
poition of the ventiiciilai nail, oi neai the endocardium and occa^iona 
in the papillaii muscles 

In the heaits exaniined tnent\ neek^altei tbo injection IbecoiKi ion 
aie \en similai to those just dcseiibcd lloneici no degeiieinfiu o 
In pel trophic changes aie vusible The inciea^e of connect ne tn-uc is 
onh abnoimal featuie At all places the new conneetne ti==ue 1 = iccoiii^ 
imr fibious In the cential poitions of the lieait nail ^inall aiea- oi 
fil)iou= tissue sepal atiiig the muscle-fibei = are noted at other jilacc'- iim 
coininonh neai the eiidocaidiuni and at the bo'-e of oi m tlie pipi ar 
nui'cles areas of conneetne ti‘=‘=uc ceem to ba\e rejil iced fbe degeiuratc 
mu=cle-fiber« the«o area‘- aic ucualh <=mall In ofliei place- '■nia 1 eon 
neetne ti^-'iie celh are ccatteied between flie niu-cle-tibf r- In "'uit 
hearts fliO'C tlnnuo- are ijuite extreme in otbei- ainio-f no < liam.''-' an 
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noted, m only one of the eleven heaits examined micioscopieally twenty 
veeks after the injection, could no changes whateiei bo seen On the 
vhole, the connective tissue appears to be slightly less at this period than 
m hearts examined ten oi fifteen weeks after the injection 

At tvent’^ weeks the connective tissue is, theiefoie moie filnou«, liut 
is not so extensive noi is it so diffuse as it was at eailiei periods 

At a period six weeks after the injection of spartem and adrenalin, 
piactically all of the preexisting connective tissue shows activity and, 
throughout the ventriculai wall, between the musele-fiheis, about the 
vessels and neai the endocardium, the number of 3 oung connective tissue 
cells IS increased Eight, ten, or fifteen weeks after the injection, the 
connective tissue in ci ease is less diffuse and has become confined to small 
areas in the central poition of the ventricular wall, 01 in the base of the 
papillary muscles or in the papillary muscles themselves Euitheimoie 
the connective tissue is becoming fibrous At a period tventj veeks after 
the injection, we find only a few scattered areas of filnous tissue which, 
in most cases, appear to he replacing atrophic 01 degenerated muscle- 
fibeis These areas of connective tissue are smaller than those noted at 
eight, ten, 01 fifteen weeks and, on the whole, there is less connective 
tissue present tventy veeks aftei the injection, than six weeks after the 
injection 

The interstitial changes appear to have 1 cached their maximum about 
•SIX veeks after the injection and, from this time on'vard, the connective 
tissue changes grow less marked, until the only signs of the connective 
tissue oveigiowtli aie the fibrous areas replacmg the degenerated muscle- 
fibers Thus, the only places in which the increased connective tissue per- 
sists are those uheie its inciease has been secondaiv to the degenerative 
changes It is of consideiahle interest to observe that an actual connective 
tissue increase may apparently disappear entiielj in certain partb of the 
heart wall We expect, however, to extend our investigations into the 
ultimate fate of the connective tissue, and we do not legaid our conclu- 
sions as final, as fai as the diminution m the amount of connectne tissue 

IS concerned 

It IS also of interest to note that tuent}"^ weeks aftei the injection, all 
•degeneiative changes have disappeared and in only a few small areas do 
''c find eiidence that connective tissue has replaced the degenerated 
muscle-fibeis In an effort to deteimine whether anj" legenerative changes 
could be noted in the muscle-fibers, "ue have examined the apex and =ep- 
tum as u ell as the site of the lesions, but we found no evidences of legener- 
^tion 01 compensatoiv Injieitrophv, it is, theiefoie piobable that the le=- 
pionounced degenerative changes in the muscle-fibeis rarelv lead to the 
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actual destruction of tlie muscle-fibers and that a leeovei} of the miiscle- 
fibeis may take place m many cases 

Thus, in spite of the rather severe changes noted in both the paren- 
cfij'^ma and the interstitial tissue of the heart at a peiiod slioitly after 
the injection of spartein and adienalin, ve find that in a lelatueh shoit 
time, these changes disappear and only veiy slight eiidence is left ol Hie 
earlier presence of any pathological condition It appeals that the npo- 
eaiditic lesion actually heals and that in many cases the lepair is not cliic 
to the replacement of the injured parenchjma by fibrous tissue but by a 
recovery of certain musele-eells 

ir EFPECT OE SECOND INJECTION OF ADRENALIN 

Thus far, ive have spoken only of the influence of a single injection of 
spartein and adrenalin It ivas of interest to determine in vrhat manner 
a second injection of spartein and adrenalin influenced the fiequency and 
the severity of the myocarditic lesions 

IVe find that vhen rabbits are injected with spaitein and adienahnon 
two successive dajs, 54 per cent of them show gross myocaiditic lesions 
two neeks after the last injection When the tvo injections are sepai^ 
ated by a period of tno weeks, 53 per cent of the labbits develop lesion 
In none of these cases aie the lesions moie extensive than after one 
tion, and the microscopic changes aie also similai to those noted a ci a 
single injection lYhen a period of nme weeks elapses between the irs aiu 
second injection S3 per cent of the animals show mjocarditic eoion^, 
25 per cent , how ever, show retrogressing lesions, while only 58 pci cen 
show' flesh lesions 

It appears, theiefoie, that the first injection is of the giea es^ 
tanee in causing the appearance of the lesion and that the ® 

successive injections does not increase the occurrence of the 
iided the second injection be given befoic the lesions aie fu \ lo 
01 at the time of their full development If, liowever the 
IS given at a time when the lesions have begun to letrogress ic 
injection causes the appearance of new myocarditic legions m le 
peicentage of the animals mjected irrespectnc of wlietlier 
liad not resulted from the first injection No increase m re,.is a 
immunity has theiefore been confeiied on animals that haio rec 
fi om the eflects of a first injection 

III irirCT 01 VDRrVALTV VXD Sl’Vl.TllN ox mdm ^ 

In an eailicr communication we stated that no renal 
noted as a result of the injection of adrenalin and «pnrtcin ^ >ec 
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^\e ha^e earned fuitliei om ln^ estigation regaiding the influence of these 
injections on the kidneys We collected the mine secieted by the injected 
auimalsj and compared the quantity secreted by these animals in twenti- 
four houis -with the quantity secreted by noimal animals We also made 
tests foi albumin in the urines of the injected animals 

The quantities of urine secreted by the indmdual rabbits varied con- 
sideiabl}, hut m general, no differences vere noted between the amounts 
of urine secreted by normal and injected i abb its The degrees of the 
individual variations, as well as the average amounts of mine secreted, 
were approximately the same in both series 

Among twenty-six injected rabbits, half of which had been injected 
tv ice, five showed albuminuria Two of these five had pneumonia and 
pleniisy and in these cases the infection probably caused the albuniinuiia , 
two others showed but a faint trace of albumin in the urine It seems 
baldly probable that the albuminmia in the three cases was due to a lenal 
lesion produced hj’- the injection of spaitein and adienalin, since some 
appaiently normal labbits also eliminated albumin in then urine Thus 
it appeals that the injection of spaitein and adienalm does not mteifeie 
vith the functions of the kidnej undei otheiwise noimal conditions 

IV INFLUENCE OF MTOCAEDITIC LESIONS ON SECRETION OF URINE 
We have lilmwise tested the influence of these expeiimental mjocaidi- 
tic lesions on the secietion of mine, the pioduetion of peiitoneal transu- 
date and the blood-pressure ® We found that, in labbits with mjocarditic 
lesions, the aiteiial blood-pressure is slightly lower than usual, fiirthei- 
moie, that such rabbits aie not as well able to resist the injurious effect of 
the intiavenous infusion of large quantities of 0 85 per cent sodium 
cbloiid solution as noimal labbits, and that in rabbits vith heait lesions 
SRcli an infusion leads to a gradual steady fall of the arterial piessuie 
Although tlie amount of peritoneal transudate lesulting fiom such hydre- 
Ruc plethoia was not influenced bj the piesence of a m 3 '’ocaiditic lesion, 
the elimination of the infused fluid thiough the kidnej's vas markedl} 
diminished in rabbits with mjmcaiditic lesions This lessened elimina- 
tion vas piobabW due to the lowered blood-pressure vliich resulted fiom 
file inability of the diseased heait to lespond to the extra strain put on it 
f*} the in Cl eased bulk of fluid within the vessels 

V INFLUENCE OF ]MTOCARDITIC LESIONS ON EDEMA OF LUNGS 
It has likewise been noted^ that when animals with myocarditic lesions 
Rcie infused vith laige quantities of sodium chlorid solution or sodium- 

3 I'leishei M S nid Loeb, Leo Jour Expei 3Ied , 1000 xi 4S0 027 G41 
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chloiicl-calcium-chloiid solution^ edema of the lungs appealed inoie fie- 
qiientl}'' than uhen noimal animals ueie subjected to similar infusions 
It maj be that the moie frequent occuiience of edema of the lungs in 
animals with inj’ocaiditic lesions is due to the dispiopoitionate amount of 
work being done by the two ventricles, thus, ivhile the right lentiicle 
dischaiges a uoimal oi increased amount of blood into the pulmonary 
aiteiies (incieased because of the hjdremic plethoia), the diseased left 
r entricle might be unable to discharge the same amount of blood into the 
sj stemic vessels, and, as a consequence, the pulmonaiy circulation would 
be oveifllled If this explanation of the sequence of events be collect, the 
above lesults would appeal to support the meclmnical explanation of the 
occurrence of pulmonaiy edema 

VI INFLumSTCE OP MTOCAUDITIC LPSIOXS OJT ASCITES 

At the present time, we aie caiiying out a senes of experiments in 
which ue aie testing the influence of mjocarditic lesions on the production 
of edema and, especially, ascites in animals poisoned with iiianiura 
nitrate Oui results, so far, point to the conclusion that the presence o 
a injocarditic lesion increases the amount of ascitic fluid m amnia 
poisoned with uranium nitiate, in spite of the fact that the sccic ion o 
mine is also increased Our experiments, hover ei, are as "^et no 
cientlj numerous for us to drav a definite conclusion 

vii ix'rLUEiS’’CE or spahteiic axd adhexalix’' ox rEnic-vRuiri 

In a lev of the injected animals ve liave found peucaiditis Tims, m 
tlnee dififeient lots of rabbits, including m all foitj-tvo 
have found six rabbits with peiicarditis, in no other rabbits, ei ici 
injected rvith spaitein and adrenalin (in all about 116 
normal labbits which were examined in the course of other expo 

w oik. hare we found similar conditions Thiee of the six ra i s 

the senes of animals which were examined twcntj weeks a ei ic- 
tioii, two showed not only a maikcd fibrinous peiicarditis u 
eial piiGuinonia and fibiinous pleiirisr one of ibc=c <?howc a re 
gloss mjocaiditic lesion wlnle the other allowed none Tie m 
of this lot which showed pencaiditic had no associated pulnion.^ j^^tdi'd 
and no demoncnable gioss myocaiditic legion m {Im case t ic 1’^^ 
condition conenied of a latlier firm adlicsion between ^ or imt 

M«coial pone, minim orcr tlio ba^e of the left rcntrulo an< ic 
of both auricles, the process had here cridcnth healed 
these ca=cs microscopic ondonoos of imocarditic cbniiue- were n 
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In another lot of rabbits that had received two in3ections separated b}' 
an interval of one week, two showed a fibrinous peiiearditis at a period 
fourteen days after the second injection Both of these animals had also 
pleuiisy and pneumonia and showed marked myocaiditic changes to the 
naked eye 

In a third lot of rahbits which received only one mjection of spartem 
and adrenalin (these were rabbits which were to have received a second 
injection at a period nine weeks after the fiist one), five weeks after the 
injection, one animal showed fibrinous pericarditis which was associated 
with a marked gross myocarditic lesion as well as with pneumonia and 
pleurisy One other animal which died at the same tune showed both 
myocarditis, and pneumonia and pleurisy, but no pericaiditis 

The pericarditic condition noted in the above-mentioned cases was as 
a lule not localized over the left ventricle, but the fibiin deposit appealed 
on all paits of both ventricles and also on the auricles In view of the 
almost constant association of pneumonia and pleurisy with the peri- 
carditis, it appears improbable that the mj^oeaiditie lesion was the direct 
cause of the pericarditis, or that the injection of adrenalin and spaitein 
pioduced the pericarditic lesion in the same direct way as it did the mjo- 
caiditis In some cases the pneumonia and pleurisy may have pieceded 
the pericarditis, it seems, however, very probable that the myocaiditic 
lesion rendered the animal more susceptible to a bacterial infection, which 
latter was directly responsible for the pericarditis, pleurisy and pneu- 
monia 

The mjocaiditic lesion piobably created a condition far oi able to a 
bacterial infection of the peiicaidium and by interfering vith the pulmo- 
naiy ciiculation it may, moreover, have indirectly prepared this soil foi 
a bacterial infection of the lungs 

VIII EXCESSIVE MECHAXIOAL STRAIX THE CAUSE OE MYOCAEDITIC 

LESIOHS 

We have alreadj expressed our belief that excessive mechanical strain 
IS the direct cause of these myocarditic lesions The fact that the seat of 
the lesion is close to the auriculoventricular junction near the place of 
mseition of the muscle-fibeis of the left ventiicle, where naturallj the 
gieatest strain would be exerted, as well as the fact that the lesions aie 
confined to the left ventricle, appear to support this view 

Furthermore, it has been shown in this laboratory, b}' one of us work- 
ing vith Dr Strickler,^ that, although the injections of spaitein and 

^ Sfricklei and Fleislier Jour Pharm and E\pcr Theiap 1010 n, Xo 1 
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adrenalin will generally produce the same sjunptoms in dogs as in rabbits, 
such injections do not cause the appeal ance of nijoearditic lesions in dogs 
whose hearts are relatively stronger than the hearts of labbits It is 
interesting that in rabbits both aiterial and myocarditie lesions can be 
produced by the injection of adrenalin, while in dogs neither of these 
changes can be produced 

According to our theorj^, the myoearditic changes are not due to con- 
traction of the coronary vessels and consequent lack of nutiition in tlie 
muscle-fibeis The site of the lesion, as mentioned above, as well as the 
behavior of the coronary vessels,® which are not supposed to contiact undei 
the influence of adrenalin, speak against such a theory But ve beheie 
that the appearance of the lesion is due to the ei.cessive contraction of 
the musele-flbers of the heart It has been shown that evcessne con- 
traction of striated muscles causes® these to take up moie fluid, and, aftei 
the injection of adrenalin and spartein, we have found edema of the heart 
muscle, a condition analogous to that noted in the striated muscle 

CONCLUSIONS 

1 The injection of one smgle dose of spartein oi caffein vitli adren- 
alin causes the appearance of gioss mj'ocarditic lesions in 60 pei cent of 
the rabbits injected, and the appearance of micioscopie lesions m the 
hearts of almost all the rabbits 

3 The lesions appear a few days after the injection The cailicst 
change (sepaiation of the iiiuscle-fibeis due to edema) may be noted a few 
hours aftei the injection The gioss lesion may become appaient a few 
dajs aftei the injection 

3 The lesions consist in their eailier stages (up to a period of siv 
Meeks aftei the injection) in a combination of the folloving changes 
(a) inciease of connective tissue which appears veiy eaily and is quite 
difluse (b) li} pel trophy of tlie muscle-fibers, with inciease of tlie doiib e 
nuclei of the muscle cells and indistinctness of the cioss-=tnalion t le 
fiist of the=e appealing appioviraateli as soon as the interstitial tis-iic 
changes, (c) maiked degenerative processes affecting the mii=cle-fil)cr. 
which aie most maiked at the latei period of tins stage of tlic dnea-c am 
which seem to appeal latei than the interstitial and Inpcrtroplnc (edema 
tons) changes It seems piobable that the interstitial and parenclnnia^ 
tons changes de%elop independently of each othei at least at fir-t 

LaiiLcnclorfT Ztsclir i rii\sioI, 1007, xm 571 
l> IlanlvC Tcfanii^ Loip^ic, ISfi5 Cool e Tour 1 *Im - lol JSOS, ^ 
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later stages paienohj^matous degeneiation induces connective tissue pio- 
lifeiation 

4 At later periods, namely, fiom eight to twenty weeks after the injec- 
tion, a gradual disappearance of the changes in the muscle-fibers is 
obseived The hypertrophy, increased number of double nuclei and indis- 
tinctness of the cross-sti rations gradually disappear The more maiked 
degenerative changes also disappear and only a few areas remain in which 
some atrophic muscle-fibers are noted The connective tissue changes 
become less marked and less diffuse Finally, at a period twenty weeks 
after the injection, the only evidence of the myocarditie lesion noticeable 
consists in some small fibrous areas which contain the remnants of 
atiopliic muscle-fibers, it is, therefore ceitam that these areas of fibiou'^ 
tissue replace degenerated muscle-fibers and that the connective tissue 
increase in these areas has been secondary 

5 The disappearance of the degenerative changes m the muscle-fibeis 
does not seem to be due to an ingrowth of muscle-fibeis fiom the sur- 
rounding normal tissue into the degenerated areas but seems largely to 
be due to the recovery of those muscle-fibeis in which the changes had not 
been very pronounced, at least, we weie not able to recognize any evidence 
of regenerative processes in the muscle cells " 

6 When animals which have received one injection of spar tern and 
adrenalin aie given a second injection, we find evidence neither of 
immunity nor of increased susceptibilitj^ to the effects of a second injec- 
tion Animals which received two injections, separated by intervals of 
either twenty-foui hours or one week, showed relatively the same number 
of lesions as animals which received onlj’’ one injection Animals which 
received the second injection nine weeks after the first one — thus, at a time 
vhen the lesions were retrogressing — developed myocarditie lesions as a 
result of the second injection in approximatelj'^ the usual percentage of 
cases, m such animals, retrogressing lesions which had resulted from the 
first injection were noted as well as the fresh lesions due to the second 
injection In no case did the mimcaiditic lesions resulting from two 
injections differ to anj'- marked extent, either macioscopically oi micro- 
^copicallj’-, from those resulting from one single injection 

' The hearts which show macioscopic lesions ve found to be liinc- 
tionally infeiioi to normal hearts, inasmuch as they are unable to meet 
siiceessfullj a demand for extra work 

< helhei oi not the inciease in the minihei of double nuclei in the inu=cle 

Is indicates a regeneiati\e process, ^^e cm not decide until ue find di-tinct 
'^udence of a nniltiplication of the muscle cells 
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8 It seems piobable that in animals with mj'ocarditic lesions the 
injection of uranium nitrate and of large quantities of water leads to an 
increase in the amount of ascitic fluid Our experiments m these direc- 
tions are, however, as yet not suflSeiently extensive to permit us to draw a 
definite conclusion 

9 The presence of a myoeaiditic lesion may favor indirectly the occur- 
rence of a fibrinous pericarditis, pleurisy and pneumonia by prepaiing the 
soil for a bacterial infection The injection of adrenalin and spartein is 
in all probability not the direct cause of the development of pericarditis 

10 We believe that excessive mechanical strain is the direct cause of 
the myoearditic lesions The typical seat of the lesion, at the base of tlie 
left ventricle, where the greatest strain is exerted, favors this theorv 
Furthermore, analogous conditions have been shown to occur in stiiated 
muscle in conditions of over exertion The fact that the injection of 
spartein and adienalin into dogs whose hearts are relativelj stronger than 
those of rabbits, does not cause the appearance of myoeaiditic lesions, adds 
further support to this theorj^ These lesions aie, in all piobabilitj not 
due to a lack of nutrition of the muscle-fibers as a result of the conti ac- 
tion of the coronary vessels, inasmuch as it has been shoun that adienalin 
does not cause a contraction of the coionaij lessels 

6357 Shenvood Eoad— 4109 Pine Sticet 



THE EFFECT OF PEEMANENT COESTEICTION OF THE 
SPLANCHNIC AETEEIES AND THE ASSOCIATION OF 
CAEDIAC HYPERTEOPHY WITH ARTERIO- 
SCLEROSIS 
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PHILADELPHIA 

The impoitance of aiteiioseleiosis as a cause of cardiac h3pertioph3 is 
a pioblem which for many yeais has attracted the attention of both 
pathologists and clinicians^ but even aftei the most extensive studies on 
the subject one must admit that the question is, as yet, fai fioiii settled 
The gieat obstacle to the elucidation of this problem has been the difficulty 
in obtaining an exact method foi stud3’^ So fai, most of oui conclusions 
have been diawn from the examination of autopsy material and it is 
well knovn how many and what complicated factois confront one iindei 
these ciicumstances Diseases of the blood-vessels aie so fiequenth asso- 
ciated with othei conditions, such as chronic nephiitis, which of them- 
selves may lead to h3^pei1:rophy, that it is with the gieatest difficulty that 
one can make accurate deductions concerning the direct influence of 
aiteiiosclerosis 

It seems, howevei, to have been shown satisfactorily that sclerosis of 
the perqiheial vessels is not necessarily accompanied eithei b3^ an inciease 
m blood-piessuie oi hypeitioph3'^ of the lieait On the other hand it has 
been quite geueially assumed, since the publication of the work of Hasen- 
fcld^ and Hiisch- that aiterioscleiosis of the thoiacic and abdominal 
aoita, and es2ieciall3’- nai rowing of the lumiiia of the splanchnic aiteiies, 
ina3 he a potent factoi in the causation of caidiac h3^pertiophy Though 
^laichand states that he could not, fiom his ovn expeiience conrnm thi^ 
Dev, it 11103'^ nevertheless be said that the caiefiil obseivation':, esjieciallv 
of ITasenfeld and Hirsch, have done much to substantiate this claim 

But the question has not been put to expeiimental test It was, theie- 
foie the object of the present stud3’' to attempt fiist, to lopioduce a^: 
neaiR as jiossible bj’’ expeiimental methods a naiiowing bj" aiteiioscleiotic 
Processes of the lumen of the celiac axis and superior mesentelic aiteij , 

I'loin the Depaitment of Applied Jiledicine Unneisit'i of Penns'! h uin 

1 llnsenfeld Deulscli Aich f klin Med, 1S97, li\ 103 

2 Ilirseh Deiitscli Aich f klm Med, 1S99, Kiv 579 

3 Maielnnd Verliandl d Cong f Uni iled 1904 x\i GO 
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and, secondly, to study subsequently the elfect of this operation on die 
blood-piessuie and lieait In some pievions e\peiiments it iias found 
that constriction of either the superior inesenteiic aiteij oi celiac axis in 
dogs caused an immediate use in blood-piessure of fiom 8 to 22 mm of 
Hg with an average of 14 mm Hg, while constriction of the tuo aitencs 
at the same time about doubled this rise The use in geneial blood- 
pi essure was moreovei not fleeting, but peisisted in some expeiiments for 
at least an hour 

It was thought, therefore, quite possible that peimanent constiiction of 
these aiteries might be accompanied by a continuous inciease in hlood- 
piessuie with the development of cardiac hypei trophy 

For the following expeiiments dogs weie used exclusively The ani- 
mals were etherized and the abdomen opened to the right or left of tlie 
mid-line, sometimes directly in the mid-line The supeiioi mesenteric 
artei}^ and celiac axis were dissected fiee from the dense plexus of ncives 
which suiiounds them as they branch from the aoita, and, by means of the 
ingeniously devised instiument desciibed by Halsted,'* aluminum bands 
3 to 4 mm in width were rolled about the vessels These bands vcie then 
tightened about the arteiies with the fingei until the pulsation in tlic 
distal side was gieatly reduced in force, oi almost obliteiated The vound 
was then closed 

At inteivals coveimg months after the operation, the blood-piessuic 
of the dogs vas studied Foi this puijiose the cull deiiscd Ip Janewa} 
was emplo 3 ed attached to a Stanton inanometei Owing to tlie fact that 
the propel apparatus was at fiist not obtained, and to tlie fact that some 
time was lequiied to develop oui technic, the blood-piessnie of the dog^ 
dining the eaily expeiiments was not estimated befoie the opeiation 
Later howeiei, estimations weie made befoie the opeiation often ccxcra! 
times, as contiols foi the latei leadings 

Bands weie thus placed either about the superior mesentciie aiion 
alone oi both the superior mesenteiic aiten and celiac axis of sixteen 
dogs Seven of these dogs died within a week of the operation, two from 
pneumonia and fixe fiom infaiction of the intestines following thrombosis 
of one or both of the constricted aiteiies One dog died on the clcxenth 
dax of a phlegmon of the stomach and one on the tluifcentli dnx of 
pneumonia Sexeial dogs haxe been studied oxer a period of from three 

1 IHMoil Jour I \pcr M<h1 , 1000, M, 371 Ihi Innd rolliis and ilmK'"’'"' 
wtrokuidlv loaned 1)\ Dr Hal-tod 

1 7nnc\\a\ I’rot s.oe IXpcr Biol and Mc<l , lOOl ai lOS 
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to five months In four dogs the supeiior mesenteiic alter}’- alone was con- 
stiicted, in five dogs both vessels were snriounded by bands The follow- 
ing is an ahstiaet of the piotocols of the last nine dogs 

Dog 279 — Do's, teiner type, male, weight 24 pounds 

November 9, 1909 Opeiation, band placed about superior mesenteiic artery, 
fail pulse in arteiies of omentum Dog lecovered well, lost weight 
November 29 Weight 23 pounds, thin, but eating well 
Decembei 7 Weight 23 pounds Stools haid and black 
Decembei 29 Weight 22% pounds 

January 12, 1010 Weight 21% pounds 

Januaiy 17 Systolic piessuie 130 to 118 
Januaiy 20 Weight 23% pounds 
Januaiy 31 Systolic pressure 125 to 112 
Febiuaiy 3 Weight 25 pounds 
April 15 Systolic piessuie 135 to 118 

April 22 Systolic pressuie 115 to 130 

April 25 Dog killed Band closely appioximated about aiteiy, but lumen 
patent, though tightly constricted All the organs aie noimal 
Dog 280 — Fo\-terriei type, male, weight IS pounds 
November 17 Aluminum band placed about superioi mesenteiic artery 
November 29 Dog thin, stitch abscess 
December 1 Weight 17 pounds, eats Avell 
December 10 Weight 18 pounds, in good condition 
Januaiy 12 Weight 19 pounds 
Januaiy 17 Systolic piessure 100 to 125 
Februaiy 3 Weight ISyt pounds 
Api il Dog lost 

Dog 276 — ^]\Iale, weight 18 pounds 

October 26 Operation, band placed about superior mesenteiic aitery 
November 4 Dog not well, wound healed, languid 

Noiembei 8 During last few days stools dark brown and soft, losing 
weight Dog died November 8 of pneumonia with puiulent pleuiisy, congestion 
of intestines and liver, the band is in place and shows tight constriction of 
^csscl vliich IS patent 

Dog 282 — ^Black and tan, male 

November 22, 1909 Aluminum band placed about superior mesenteric 
ailery 

Noi ember 29 Dog doing well 
December 1 Weight 22 pounds 

December 7 Weight 20 pounds, stools seem normal 
December 15 Sjstolic pressure 85, Aveight 22 pounds 
Januaiy 12, 1910 Dog in good condition, weight 21 pounds 
January 14 Systolic piessure 70 to 80 
January 26 Systolic piessuie 78 to 82 
Febrnaiy 3 Weight 20% pounds 

April 5 The dog has bad mange, systolic pressure 85 to 100 
April 16 Dog killed The band is tightly placed about supeiior mesenteiic 
irterv and the "vessel is completelv converted into a fibrous cord 
Dog 283 — Small ^^blte fox-teiiiei, male, weight 13 pounds 
A'oi ember 10, 1909 Opeiation band placed about superior mesenteric 
artcrj 

December 7 Stools soft and dark weight 11 pounds, does not eat well 
Decembei 15 Iniproiing, weight 10 pounds, stools soft and dark 
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January 5, 1910 Weight 12 pounds 
January 12 Weight 14 pounds 
January 26 S 3 ^stoIic pressure 90 to 95 
February 3 Weight 15 pounds 

April 5 Systolic pressure 85 to 100 Dog in rather poor condition 

April 6 Dog killed on account of mange The superior mesenteric artcrj 

IS couA^erted into a fibrous cord and completely occluded The organs are normal 
Berlin blue injected into the femoial aiteiy reaches the entire small intestine 
before it colors the stomach 
Dog 208 — Brindle, male 

December 7, 1909 Opeiation, aluminum hands placed about superior inescii 
teric artery and celiac axis, marked thiill on distal side of bands 
December 8 Sj'^stolic pressure 95 to 105 
December 10 Good condition, stools lost, iveiglit 28 pounds 
December 15 Weight 27 pounds, S 3 ''stolic pressure 120 to 125, there is a 
dial rhea 

December 29 Sj'stolic pressure 85 
January 5, 1910 Weight 27 pounds 
January 12 Weight 26 pounds, condition good 

January 14 Systolic piessure 95 to 102 

January 22 Stools again normal 
January 26 Sa^stohc pressure 95 to 100 
Febiuary 3 Weight 27 pounds 

April 5 Dog IS thin and lias the mange, systolic pressure 105 to 110 
April 18 Dog killed Both bands in place and both arteries patulous, 
though the lumiiia are constiicted 

Dog 200 — Large black and uhitc, male, oveight 30 pounds 
December 15, 1909 Sastohc piessure 115 to 120 
Decembei 17 Systolic piessure 113 to 120 

December 18 Sjstolic pressuie during operation 107 to 115 Oporntion, 
bands placed about supeiior mescnteiic arteiy and celiac axis, inimcdm o a 
after bands in place sj^stolic pressure 115 to 125 

December 20 Dog in good condition, pressure cannot be obtained 

Januaiy 5, 1910 Weight 32 pounds 

January 14 Systolic pressure 128 to 132 

January 20 Weight 34 pounds 

January 26 SA^stoIic pressure 128 to 132 

FobruaiA' 3 Weight 35 pounds 

Fobruarj 15 Systolic pressnie 128 to 130 Soft broAin stools 
INlarch 14 Dog kiiied The celiac axis is completch coincrlid into ^ 
fibrous cold, the superior mcsentcnc artcrr is surrounded bj the bam > 
lumen is nairoAted to almost pinhole size but patulous, the organs are norm i 
Doo 203 — BroAAn, faiilA large male, AAcigbt 26 pounds 
J inuarA* 10 Systolic pressure 00 to 93 

TanuarA* 11 Sa stolic pressure 02 to 87 Operation, bands ^^ ^* * * , 
tightly about superior mesenteric aitcrt and cclnc axis, scarceh an\ pu 
felt in distal part of artort 

TanuarA 12 Dog in good condition, s\s(ohc pressure 71 to u 
Januarj 17 Sa stolic pressure 110 to 112 
J iniiarA 20 Weight 20 pounds 

Tinuan 21 Dog dcAcIoped bloodt stools, vomited blood and diei 
Ibe stoinncb sIioaas licniorrbagic phlegmon, tlic intestines an inti n ^ 

gesttd, the bauds eurroiind the celne axis and superior nirsmtini u » r\ 
setimngh constrict the Iiinicn, but do not occlude it 
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Dog 294 — ^^Vhite poiiitei, large male, weight 30 pounds 
January 10 Systolic pressure 92 to 107 
Systolic piessure 98 to 112 

Operation, bands put about celiac axis and superioi mesenteiic 


Januaiy 17 
January 18 
aiteiy 

Januaiy 20 
Januaiy 24 
January 31 


Dog in good condition, weight 30 pounds 
Systolic piessure 111 to 124, wound not healing well 
Wound 111 much better condition, systolic pressure 115 to 130, 
eight 24^^ pounds 

Februaiy 7 Systolic pressure 90 to 100 

April 15 Systolic piessure 120 

April 22 Systolic pressuie 120 to 110 

Apiil 27 Dog killed The organs are normal except for some congestion 
of the hvei The superior mesenteiic aitery and celiac axis are tightlj sui 
rounded hy the bands, and the lumina aie constricted to pin-hole si/e, but 
patulous 


Immediately aftei tlie operation all the dogs lapidly lost weight, but 
m many instances this was soon regained Digestive disturbances were 
fiequent A few dogs developed diarrhea with soft daik stools, one dog 
died y ith extensive phlegmonous gastritis 

The effect of constricting the supeiior mesenteric artery and celiac 
axis may be seen in Table 1 


TABLK 1 —EFFECT OF CONSTRICTION OF SPLANCHNIC ARTERIES ON BLOOD- 

PRESSURE <■ 
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coniiimlH ?™hcrs arc tlio avenges ol 6 to 12 separate readings The sestolic pressure !s 
1 utca irom the moment that the pulse in the paw disappears 


It IS evident that there is no definite change m the blood-pretsure 
lolloyiiig these expeiinients In Dogs 290, 293, and 294 there is a slight 
DSC \ art mg from 11 to 19 mm Hg aftei the operation but the eleiation 
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IS not constant and is not sustained In no instance did the blood-pies- 
sure rise above a limit which is reached by normal dogs, as could be deter- 
mined in control experiments Except foi the transient disturbances 
desciibed, no ill effects on the health of the dogs could be observed 
After periods vaiymg from four to six months the dogs were killed 
and then hearts weighed bj”^ Muller’s® method Table 2 gives the results 
of this anal 3 '’sis, Tvliieh mai be compared with the tiguies fiom tuenti- 
eight normal dogs used as controls 


TABLE 2 — RATIO OF BODX WEIGHT TO WEIGHT OP WHOLE HEART VND 
VENTRICLES IN 28 NORMAL DOGS 
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Tile latio of body weight to weight of ventilcics varied from OODo to t) * 

When the ratios of the weights of the vhole lieart and of the %entr)clc5 
to the bodj’- weight of these dogs are examined it is immediatel}’ ^een that, 
except for thiee instances, they fall veil within the normal limit- ^ 'C 
ratio for the whole heait in the opeiatne senes vaiicd between 
and 0 0086 and foi the ventricles between 0 00647 and 0 0076 n 
tv ent 3 *-eight noimal dogs, used as controls the figures for the vhole loaH 
railed between 0 0063 and 0 00898 and foi the rcntrielos between 0 00 > » 
and 0 00782 Two of the thiee dogs of the opemtive kcrics died 
and eleven dais, respective!}' after the opeiation and the slight ^ 

in the latio is unquestionably due to the lapid loss in body weight o ow 
ing opeiation The thud dog which showed the high ratio wa<? i^ 
four month': and seven dars after operation During tlio last wcel or t 
dars of his life however he had Io=t weight \ery rapidly winch again 
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raa-\ account loi the comiDaratively high figure In all the dogs the valves 
veie caiefully examined in order to exclude any accidental valvular 
lesions which might lead to hypertiophy 

Four dogs died -witlim two weeks of the operation In three of these, 
though there was no thrombosis of the arteiies constricted, a marked con- 
gestion of the stomach, intestines, spleen and liver was found In two 
ca^es this may have been due in part to the acute mfection of the lungs 
vliich was present, hut in one dog this factoi could be eliminated In 
the fouith dog theie vas thiombosis of both vessels, but theie was no 
actual infarction of the intestines oi of the other viscera From pievious 
obsei rations and fiom the clinical symptoms which some of these dogs 
piesented during the fiist week oi two aftei operation (diaiihea with 
soft, daik bowel movements) we aie led to the conclusion that the fiist 
effect of diminishing the aiterial hlood-supply to the intestines and liver 
by nan owing the lumen of the superior mesenteric arteiy and celiac axis 
IS not an anemia, but a congestion of the organs supplied by these vessels 
After complete occlusion of these vessels hemonhagic infarction devel- 
ops Duiing this piocess, the blood ainves in the intestines by way of 
the slight collateial anastomosis which the superioi mesenteiic aiteiy 
makes with the infeiioi mesenteric If, however, the occlusion of these 
lessels IS not complete theie is still sufficient pressuie in the distal poition 
of the arteiies to pi event complete hemonhagic necrosis of the intestines, 
hut not enough to maintain a normal circulation The result is, theie- 
foie, an immediate congestion in this region But an efficient collateral 
circulation may be vei}'' soon established, for in Dog 297 the superior 
mesenteiic aitei}'^ was found completely thrombosed seven days after the 
operation, though there was no hemorrhagic necrosis of the intestines 
Autopsies on the seven dogs that were killed over periods of from 
three to five months after operation showed that in all cases the organs 
ueie noimal, except peihaps for some congestion of the liver In two 
^ogs (279 and 288) the bands were found to constrict either the supeiior 
mesenteric aitei}’’ oi celiac axis to a considerable degree, though the 
luinina of both vessels veie patent In two dogs (282 and 283) the supe- 
1101 mesenteiic artery nas completely converted into a fibrous cord and in 
one dog (290) the celiac axis was completel}' converted into a fibrous 
ooid, while the lumen of the supeiioi mesenteric aiteri, though patulous, 
I'as nail owed to a pm-hole size An infection of Beilin blue into the 
fcinoial arleij of one of the dogs in which the supeiioi mesenteric arter} 
conipletelj thiombosed showed that a free anastomosis had been estab- 
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lished between the blanches of the infeiioi mesentenc and siipeiioi mesen- 
teric arteries The injecting fluid was seen to fill the vessels of the colon 
in the region supplied bj'' the inferior mesenteric aiteij', and to pass 
through into the vessels of the small intestines^ coloiing the loops of the 
intestines blue befoie the stomach and spleen weie injected 

From these experiments we can conclude^ tlierefoie, that extieinc nai- 
lowing of the mouths of the supeiioi mesentenc aiteij and celiac avn in 
dogs is soon compensated foi by a eollateial oiiculation so that giachial 
thiombosis of one or both vessels may take place without seiioiis oi ohMous 
detriment to the health of the animal hleithei caidiae Inpeitropln noi 
hj^pertension follows the nan owing of the mouths of these lessels in dog« 
Ceitain ciitieisms might be offeied to such conclusions It is possible 
that the time elapsing between the opeiation and the date of death vas 
not sufficiently long to allow for a noticeable inciease m the weight of 
the heart Fiiedlandei," hovevei, has found that in childien and joung 
adults hypertrophy may be noticeable foui weeks aftei the onset of acute 
scailatinal nephiitis, and there is no reason to suppose that hjpertropln 
may not occur as lapidly in dogs Seven of tlie dogs weie u atched at least 
twice this long, without the slightest evidence of hypeitroplp Again 
it may be said that the condition of the life of these animals aftei opeia 
tion vas not conducive to hypertrophy, but they weie kept undei exactli 
the same conditions as the control dogs and if the opeiation itbcli liad 
had anj' effect on the geneial vasculai s'^stem, a compaii-on vifh fhc 

contiol clogs should have demonstiatecl this 

We may now ask whether it is justifiable to diaw concliitions ifH 

these expeiiments as legaids caidiac hjpeitrophj in man To dctcimi 
this point, ve haic examined dui mg the last thiee jeais uith paitic 
caie the condition of the brandies of the abdominal aoila at autop i, 
have comjiaied the state of these vessels witli the weight of the 
The heaits howeier liaie not been weigl cd In I\lullci '' n (bud _ 
condition of the oigan has been computed bi the usual method- ^ 

this time we have found foitj-six cases (Table o) in which oi 
lieait showed lijpeitiopli) or the me'^enteiic aiteij and celiac a\ ^ 
naiiowed, often to an extiemc degiee bj artcnosclciotie pioc 
suie fiom aneuiisnis oi fiom new giowtli^ Xatiiialh all la < ^ ^ 

there was a lahular lesion or disease of the pcruaidiinn 
extluded 
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TABLE 3— CARDIAC HYPERTROPHY AND SCLEROSIS OP ABDOMINAL AORTA 

i 

CARDIAC HYPERTROPHY, 37 CASES 


Associated ^\ith seleiosis of abdominal 
aorta and nan owing of splanchnic 
arteries 

Lnassoclated ■nith sclerosis of abdominal 
aoita 01 naiioising of splanchnic aite- 
lics 


Chronic 

Cbionic 

nephritis 

nephritis 

piesent 

absent 

10 

2 

12 

Chronic 

Chronic 

nephritis 

nephritis 

piesent 

absent 

20 

3 

23 

Total 



37 


SCLFROSIS or ABDOillNAE AORTA AND NARROWING OF SPLANCHNIC ARTERIES, 

21 CASES 


Caidiic liTpeitioplii 


No laidiac Inpeitiopbj 


Chionic nephiitis present 10 

Clnonic nephiitis absent 2 12 

Chionic nephritis piesent G 

Chronic nephritis absent 3 9 


Total 


21 


In tins senes, shoiin in Table 3, tbeie iieie tlnit}-seien eases of 
(lefimte caidiac lijpeitioph) Of these thirty-seven cases tvehe or about 
32 pel cent shoved extensile sclerosis of the abdominal aoita with nai- 
loving of the mouths of the splanchnic vessels, oi definite stenosis of one 
01 both of the aiteiies themselves 

On the othei hand thirty, oi 813 per cent, weie associated with 
chionic neiihiitis Of the twehe cases m vliicli naiiowing of the splanch- 
nic vessels occnired in combination with caidiac hypeitiophy ten, or oiei 
83 3 per cent, showed chronic nephiitis and, in the two cases in which 
tlieie Mas no nephiitis, the h}pertiophy v'as of ■'"eiy slight giade Finalh 
theie Meie nine cases in which narioving of the snperioi mesenteric aiteiy 
diitl celiac axis occnried in mIiicIi theie was no caidiac In pei ti ophi 
denionstiahle hi the methods employed In five cases, at least the lesion 
of the ahdonimal aorta and splanchnic vessels was of a most extieme grade 
111 one instance both vessels veie almo'^t occluded by piessuie fiom a new 
piOMtli ill one instance a dissecting aneiiiism of the celiac axis nai- 
lOMcd the Iniiien to a mere slit and m three instances theie was extieme 
sclciosis of the abdominal aorta. Math much constriction of the siiperioi 
nie'enteiic aiteiy and celiac axis Indeed, of the twent3'-one cases m 
''Inch the splanchnie vessels veie nairoMcd only seven weie associated 
"fill an^ degiee of cardiac Inpeitiophj and in all seien cases a definite 
ohroRic nephiitis coexisted 

Oni expeiience at autops} is therefoie in accord with that of j\Iar- 
fhaiul, wbo could find no definite association hetMeen caidiac Inpei- 
hoph} and scleiosis of the abdominal aorta or splanchnic vessels 

I'roiii these experiments and obsei rations at aiitop^i it would seem 
lughlj iiiipiohable that anv anatomical lesion of the largei vessels even 
m the splanchnic aiea can produce a marked increase of blood-pressure or 
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give rise to hypertrophy of the heart The gradual nairowmg of the 
vessels which occurs m such a process, even when it is wide-spiead, is 
soon compensated for by collateral anastomoses, so that the distribution 
of the volume of blood in the body is equalized 

That narrowing of the main splanchnic aiteiies may cause a rise of 
blood-pressure in any other manner than by shutting off into the geneial 
circulation a ceitain propoition of the volume of blood flowing to the 
intestmes is unlikely from the results of pievious experiments on dogs, 
for it was found that the use of blood-pressure, following immediately on 
occlusion of the superior mesenteric artery and celiac axis, was not due 
to a possible reflex arising from the anemic intestines and causing con- 
striction of the arteiies in other parts of the body On the other hand, 
the excess of blood throvm into the general circulation b} this proceduie 
Avas not sufficiently compensated for by a dilatation of the a essels of othei 
organs, and the general blood-pressure rose, oAiung to the rapid increase 
of blood in the general cnculation winch was not compensated for 

Mali® has explained the rise of pressure AAdiich follows constiiction 
of the splanchnic arteries and, indeed, the mesenteiic vems as well, folloAV- 
ing stimulation of the splanchnic nerves, on the same basis The lesults 
of sclerosis of the splanchnic arterioles may be quite different fiom that 
of narrowing of the mam arteries, but the present investigation is, of 
course, not concerned with this problem A study, hoAvever of the con- 
dition of the finest blanches of the mesenteric aitery is now being made 
in connection with observations on the blood-pressure dining life 

CONCLUSIONS 

We conclude, therefore, that sudden occlusions of the supeiior mesen- 
teiic artery in dogs results in hemoirhagic infarction of the intestines 
Permanent constriction of the supeiior mesenteric aiteij and celiac axis, 
as well as gradual occlusion of one oi both of these vessels ma} be present 
in dogs for at least five months, vithout giAing use to a definite and 
constant elevation of blood-pi assure or to hjpeitiophj of the heait 

At autops3^, no definite association can be found in man betucen 
scleiosis of the abdominal aoita and gieat splanchnic i easels and canh.ic 
hypeifiophj 

323 South Sixteentli Stieet 
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AN INDIYIDTJAL QUANTITATIVE INDEX TO TUBEECDLIN 

DOSAGE IN TREATMENT 

WILLIAjM CHARLES WHITE. :MD akd KART, H VAN NORIMAN, ]MB 

PITTSBURG, PA 

Two yeais ago in a discussion at the National Association meeting/ 
we called attention to the fact that all the surface cells, at least, of the 
body weie in a condition of sensitiveness to the application of the poison 
which IS knovm to-day as tuberculin, as evidenced by the different methods 
of tubeiculin test which weie before the medical piofession — the e3'e 
leaction, the skin leaction, the uiethral leaction, the nasal reaction, etc 
We urged at that time that, if this were the tiuth, the discussion as to the 
methods of diagnosis which had been used weie rather futile, that the 
method should be chosen which was the least dangerous, most ready of 
application and most easily obseived and conti oiled 

A yeai later we called attention to the necessity of getting away fiom 
the qualitative studies of this method of diagnosis, and i educing it to 
some definite quantitative basis, and offeied in an article publifiied^^ in 
the Journal of Medical Beseaich, a definite quantitative plan to be ear- 
ned out in this test 

We do not visli to be accused of enteimg at this time into a discussion 
of the value of the cutaneous leaction m diagnosis We feel that it is a 
point of evidence in diagnosis to be put on the same basis as the clinical 
theimonietei, chest examination, afternoon tiiedness, clmical Imtory and 
all other evidence conti ibutory to the clinical pictuie caused by the tuber- 
cle bacillus It has, hoveier, an especial value in luling out ceilain 
cases as non-tubeiciilous 

At the piesent time, we feel that on the definite c|uantitati\ e plan, 
such as ve have suggested it is possible to deteimine the exact iespon=e 
vhicli the body suffenng flora tuberculosis will make to definite quan- 
tities of tubeiculin intioduced beneath the skin Ileie it must be borne in 
mind that it is just as possible to obtain a constitutional leaction to lubei- 
culin applied bj the va) of a skin te=t as it is vhen the tubeiculin i^ 
intioduced into the bod\ subcutaneoush The following is an example 

* A sliich prcpircd inuler the ampitcs of the IIos])ua] Tubcrculo-i- Le irtu 
of Pittslmrp 

1 White W C Pioc Nation'll As«n for the ''iinh iii'l Pn\»ntio’i o, 
iiiberciilosi^ — Di=ciission — laOS p *16 
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of a fair numbei of cases which have come under our notice, when the 
patients have been under the routine hospital supei vision of regulai tem- 

peiature registration and personal contiol, and will seive as a nioof 
of this ^ 


On Oct 8, 1909, Mr L was given a skin test on the left foieaini 0 01 cm 
of 100 per cent 0 T being applied Within an hour leaction had begun, and 
m twenty-four the reaction was maiked, in foity-eight hours very marked, 
diminishing somewhat in seventy-two hours, the areola remaining, houever, foi 
two weeks At the point of inoculation theie was marked swelling, heat and 
redness, and very noticeable ledness, swelling and tendeiness of the lymphatic 
leading from the site of inoculation as far up as the avilla Foi foui weeks 
pi evioijs to the skin test the temperature had been noimaJ, except on two oi 
three occasions when it reached 90 F On October 9 at 12 o’clock the tempeia 
ture was 100 5, at 4, 101, and at 8, 100 5 F On October 10, at 12 o’clock it 
was 99, at 4, 100, and at 8, 99 F The followung day (October 11) the tempeia- 
ture was normal On October 9 tbe patient complained of weakness, lieadache 
and general malaise In fact, there was a good deal of prostration Tlie fol 
low'ing day (Octobei 10) he complained of weakness, but the headache w is 
gone and theie was only slight general malaise 


A year ago, at the meeting of the Association of Ameiican Physicians, 
■we lead a paper'* la3ang down a laAv of paitition of dosage based on the 
quantitative basis of skin-cell reaction We i egret that vhat should ha^e 
been termed a preliminary note was published hastily as a papei Ceitam 
of the figures given at that time ve have since deteimined to be at fault 
At the same time -n^e have pioved to oui satisfaction that the principle 
contained in that paper is correct, and we wash now to exhibit the lesult 
of a year’s w'ork which will give the coirect paitition doses, based on the 
deteimination of the minimal cutaneous reaction to definite quantities of 


tuberculin 


UEQUISITES IN APPLICATION OP SKIN TEST 


We wash first to call attention to ceitain leqmsite points which must 
be earned out in the application of the skin test The tubeiculin must 
undoubtedly be a solution of tuberculin poison sucli as is contained in tlie 
Old Tubeiculin or in the filtrate Suspensions of tubeicle bacilli such as 
aie contained in the Bazillen-Emulsion and in the T R aie not peimis- 
sible The use of a solution of tuberculin is necessaiy to lendei absorp- 
tion of the poison as easy as possible {Suspensions of bacilli containinu 
as they do, clumps of compaiatiielv fan size with the poison still m thr 
bacillaij body, do not permit of ready absoiption bi the hmphalic-- 

which IS necessaiy, as will be showm latei 

The choice of the site for the application of the proliminaii ski^ 
test IS impoitant Many factors entei into this choice fust the tlnckiic'-s 

3 ■'AUiite, Graham and Van Norm in Join ^fod I?e=oard) 100 
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of the cuticle, second, the number and distribution of l}mphatics, thud, 
the leadiness uith which the patient can keep the part at lest unlil 
absorption of the solution has occuired, fouith, the absence of hair fol- 
licles The thiclmess of the cuticle vanes greatl}" in different parts of the 
body, and necessitates, as ve have fiequently shovn in our work, a dillei- 
ent depth of scarification to pioduce the lequisites for uniform absorp- 
tion We have found that the innei side of the foiearm has, as a lule, a 
thin cuticulai lajer which gives uniform results with appioximately the 
same scaiification The distiibution of lymphatics in the above 
location IS also faiily uniform, and the channels of lymphatic diain- 
age faiily stiaight in their couise so that m placing tests below one 
anothei it is possible, by shifting the lowei test to the light oi to the 
left, to obtain a different draining channel from that vhich is used m the 
upper te^t In the matter of keeping the part at rest to allow as complete 
absorption as possible, no part answers so well as the foreaim, which is 
undei the patient’s contiol and not under the necessity of being used, 
and can be kept in a hoiizontal position more easily than any othei pait 
of the body To fulfil all the conditions outlined, we have chosen the 
forearm 

Preceding the application of the test, to remove any chances of infec- 
tion, or fat and scurf that may haie gathered on the skin, it is best to 
wipe off the seat of application vith alcohol followed by ether 

The scarification we consider a point of very great importance Tlie 
foimer method, in which ve followed Piiquet, was to scanty through the 
diop of solution This was found to give various lesults in the same 
patient at the same and at different times In our present method, ve 
scanty the cleansed skm vith such force as ]ust to pieice the upper laier 
of the cuticle and to elicit a punctate spot measuring 2 mm in diameter, 
the base of which shows bnght pink in color Tins pink sometimes ma^ 
not appeal for a second oi two after the scaiification It can be made 
deopei, if necessan, to accomplish the desired result b} vaitincr a fev 
seconds and vatching for the pink appeal ance It is neces=ar\ not to 
diav the least drop of blood 

Obiections haie fiequenth been laned to llie use of the Pirquot =can- 
fiei lea'^ons beiii" adianced in faNor of needles and lancets vitli vhicli 
aio made lonaitudiual ^lit^ m thf dviii of deeper made than tint obtained 
In the Piiquet scanfiei With none of thc=e hovcver can we aerree n= it 
ic po==ible onh vith the blunt-pointed Pirquct 'carifier to obiain a deiifh 
and ci/e of =carification which can be icidil} mca-aied and idiun v d1 
undeilie umformh the measured drop of fluid wlndi ve u=e in tbi: 
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The color-index in the way indicated here can be followed more accur- 
ately than in any other way which we have tried We have found that 
only with this color-index can we be sure of having gone the lequisite 
depth at the same and at various times, in the same and in vaiious 
patients We formerly gave a definite number of twirls with the Pirquet 
scarifier, but it was found impossible to control this procedure and get the 
requisite color in difieient patients, on account of the difference in tough- 
ness and thickness of the cuticle 

After having made the proper scarification, a drop measuiing exactly 
0 01 cc of the tuberculin solution to be used is applied by a throttle 
pipette exactly over the point of scarification This is then covered with 
a vaccine shield, kept in place by two strips of adhesive, and the patient 
directed to hold the arm m a horizontal position for at least an hour, so 
as to prevent flowing of the drop These precautions are necessai}'^, because 
the essential thing in the tuberculin reaction is the absorption of the 
poison 

PEEOAUTIONS IN APPLICATION OP TEST FOE MINIMAL CUTANEOUS EEACTION 

In the former method of application of this test most of oui patients 
readied to very much higher percentages of tuberculin than is found with 
the present method, var;ymg from 1 per cent to 100 per cent of pure old 
tuberculin The majority of them reacted to 0 01 c c of IS 5 pei cent of 
pure old tuberculin With the present method, when we are sure that all 
conditions for ready absorption have been fulfilled, the majority of 
patients react to 1 per cent , very few require as high concentiation as 
25 per cent , veiy few of them give a minimal cutaneous reaction to a 
solution higher than 5 per cent , and many of them react to solutions 
lower than 1 per cent A fair number give mmimal cutaneous leaction 
with dilutions as low as 0 1 per cent 

We would call a minimal cutaneous reaction one that gives redness 
and swelling measuring 4 to 6 mm in diameter within seventj'-tvo houis 
Many will object that this is reducing the cutaneous reaction belov the 
pomt of usefulness, but the longer we work with the cutaneous reaction, 
the more convinced we become of its absolute specifieitj’’ and delicate 
nature, and the more we feel that it is only when under the above pre- 
cautions one takes into cognizance this delicacy of reaction that one can 
reach the usefulness to which this method can be put 

We now usually begin with a solution of 1 per cent of old tuberculin, 
because this is the solution to which many of the patients give minimal 
cutaneous reaction If 1 per cent is found to be too high, as it is in a 
fair number of cases, one can judge by the size of reaction, and clioosc the 



W G WHITE— K H VAN yOHMAy 


153 


next best solution to ti}, leducing it to one-half, one-fouitli or one-tenth, 
as indicated by the size of the reaction If no reaction occuis to 1 per 
cent solution, one can go to highei concentrations — 2, 3, A and 10 per 
cent , as may be mdicated by the reaction to the slowly inci easing stiength 
of the solution, lettmg four days elapse between the applications If 
time is a factor in deteimming the begmnmg dose of treatment, one can 
apply tM 0 solutions at the same time on the same arm When time is a 
factoi we frequently use 1 per cent and 0 25 per cent foi a first test 

Many have ob 3 ected that one occasionally finds, in obtaining leactions 
to two solutions of difCerent strengths at the same time, that the area of 
leaction is greater around the point of application of lessei strength than 
around the point of application of greater stiength This may be true 
undei certain conditions first, that the veaker solution is applied at a 
point nioie pi oximal than the application of the stronger solution, and 
second, that the application of the pi oximal weaker solution is along the 
same lymphatic channel as the m.ore distal stronger solution Under these 
conditions, as will readily be seen m Figure 1, the lower, stronger solution 
has drained directly through the Ijnnphatic, uhich it has definitely red- 
dened, to the point of application of the v eakei solution higher up in the 
same channel, giving a much largei area to the solution above, and then 
IS earned through the lymphatic channel above this, which it has per- 
ceptibly leddened m its couise It will also be noticed that vhile the area 
of redness is greater around the application of the v eakei solution, yet 
the central ulcerated point is much more definite at the site of the 
stiongei solution 

Figure 2 shovs the result of tvo tests grven at the same time rn the 
correct waj , that is, the veaker solution distal and the stronger solution 
proxrmal The solutions used m the test shovn in Figure 2 vere G 25 
per cent (distal) and 12 5 per cent (proximal) 0 T. and it vill be 
seen that the area of reaction m the proximal is about tv ice the size of 
the area of reaction of the distal test with v eakei solution A corre- 
sponding result IS seen in Figure 3 in vhich 0 1 per cent and 0 25 per 
cent 0 T veie used 

So far as ve hare been able to find the question of the importance of 
the hmphatics and the redness of the hnrphatic channels produced hr 
the application of the tuberculin ckm test has nerer befoie been brought 
to the attention of the profession 

The next illustration (Fig 4), vlnch ha= bc^en taken directlr from 
the arms after the application^ of rarring strengths of 'solution vill at 
once conrev the tiiith of the statement that the lymphatic re=-cl= b'"'>r 
a rerr striking and important pin in this reaction md mil gi.e the proof 
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of the necessity which is lequired for allowing for the period of inoie 
complete absorption of the poison from the point of application, and we 
would emphasize again that, when two applications of tuberculin are 
made at the same time, the greatest care must be exercised not to place 
them in such a way as to allow drainage from them along the same 
h'^mphatic channel This undoubtedly explains the variations of reaction 
to different strengths of solution which are found in the published photo- 
graphs of Piiquet and otheis 

We feel that the question of lymphatic distiibution is a point which 
must be borne very strictly in mmd m treatment with tubeiculin, the 
focal reaction around the tuberculous lesion being a requisite factoi in 
treatment The dose in treatment may be so given as to drain along the 
lymphatic into the site of the lesion, and thus obtain the benign influ- 
ence of focal reaction This would apply to glands, sinuses, bone lesions 
and lupus 

We would emphasize also this second point, namely, that, in making 
two applications at the same time, the precautions must alwa 3 S be 
observed of placing the weaker solution at a point distal to the stiongei 
solution We feel that, only under the most pressing necessity should two 
tests on which a dosage is to be determined ever be given at the same 
time 

When these precautions aie observed in the application of the test to 
determine the minimal cutaneous reaction, we feel that results directly 
comparable with our own will be obtamed 

We must, howevei, further indicate certain precautions that aie neces- 
sary to observe in determining the minimal cutaneous reaction, fiom 
ceitain phenomena which have arisen which evidence the vigor of the body 
cells of the patient to whom the test is applied We formeily thought 
that the vigor of the body cells had much to do with the intensity of 
leaction, having found certain patients who, though they had a lung 
lesion on physical examination of a first or second stage Tuiban, witli 
tubercle bacilli in the sputum, did not react to 100 pei cent Old Tuber- 
culin given repeatedly, but who later reacted to a lower percentage aftei 
much improvement in general condition and body weight bad taken place 
We afterward determined that this depended almost, if not wholly, on the 
depth of seaiification, and vlien ve applied the above-outlined method of 
deep scarification, being suie to pierce the cuticle these cases veie 
reduced to a minimal cutaneous reaction of 0 01 c c of a laning per- 
centage from 0 1 pel cent to 10 per cent In fact, so striking has this 
been in the reaction of patients, when the piecaiition as to depth of scan- 
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fication IS taken, that we have come to look on the scarification as the 
most imjioitant part of the technic 

It has been nrged that a part of the skin -which has formerly lesponded 
to an application of tuberculin by the signs of redness, tenderness and 
swelling will not react to a later application of tuberculin within a given 
period of time This, however, we have pioved to be a fallacy, as the 
same spot will react again to further applications of the same strength 
of tuberculin, or a lower strength of tuberculin, within at least two 
months of the time of the application of the test, as is shown in Figure 5 

A caution must here be added on the point of persistence of the sen- 
sitiveness to the same strength of tuberculin application In the hospital 
many patients who have leceived tuberculin legularly for a year or moie 
under the method outlined have not changed in their sensitiveness to 
tubeiculin used as a skin test 

We feel that in the past a giave mistake has been committed in con- 
fusing susceptibility to tuberculin with the sensitiveness which is pio- 
duced by the growth of the tubercle bacilli in the living body All that 
can be said at the present time is that sensitiveness of the cells of the 
body to tuberculin is due to the growth of the tubercle bacilli in the living 
human bod}^, and we have not yet been able to secure undoubted evidence 
that any increase of sensitiveness has been aroused in the body, in which 
the tubercle bacilli have grown, by the use of tuberculin We shall 
discuss this point in a latei paragraph in this paper, but wish to call 
attention to it at the present time 

Cases which have formerly been desciibed as being hypersensitive to 
tuberculin, we feel, can all be explained on the basis of the degiee of 
sensitiveness present in the first instance, as indicated by our eases which 
leact to percentages as low as 0 1 per cent Almost anj^ of the doses of 
Old Tuberculin foimerly given would have produced some degiee of leac- 
tion in these patients, but, their sensitiveness having been determined by 
oui method, it is possible to give such minimal doses as to avoid the reac- 
tion pioduced in these cases when treated by the former method of admin- 
istiation The same aigument is applicable to those cases of so-called 
hypei sensitiveness aftei subcutaneous admimstiation of tuberculin foi 
constitutional reaction in diagnosis 

THERAPY OF TUBERCULIN REACTION 

In discussing the theiapy of tuberculin reaction it is necessary to beai 
in mind three factors, the cells, the serum, and the tuberculin poison, and 
the intei action of each of these thiee factors on the two others of the 
gioup All of these lelations we do not pietend to have worked out but. 
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as a proof of the influence of the serum it may be well to interject here 
a note on certain studies which we have earned out in relation to the 
neutralization power of serum on tuberculin in the cutaneous test ^ In 
these studies we found one group of patients in whom the serum added to 
tuberculin was able to augment the reaction In studying this group 
during the past year, we have found that the serum of one patient is able 
to produce a cutaneous reaction in patients who react to 0 1 per cent 
0 T as is shown in Figure 6 We were able to obtain the reaciion in 
two cases first, in the patient whose serum was used and whose minimal 
cutaneous reaction is 0 5 per cent , that is, this patient reacted to his own 
serum , second, in a patient whose minimal cutaneous reaction is 0 1 pei 
cent The reaction in this patient is shown in Figure 6 

Just what the bearmg of this is and how frequently it occurs, we aie 
not prepared at this time to state, but in this patient it had no relation to 
tuberculin administration, either for treatment or foi skin (cgtmg, and 
the only factoi that we were able to determine, which might ave a bear- 
mg, was that the patient at the time had a mild fever, but ”■ trying the 
serum of other advanced cases with fever there was no reaction produced 
even on the skin of those patients who were most acuteh. sensitive to 
tuberculin 


Table 1 — Qvantity of 

TOBEHCLLljr (0 T) 
VON PlRQUET 

Used m Cutaneous Test or 

Dose 

Concentration of 

Quantity in 
mg of 0 T Applied 

in c c 

Solution To 

0 01 

0 1 

0 01 

0 01 

0 25 

0 025 

0 01 

05 

0 05 

0 01 

1 

0 1 

0 01 

5 

0 5 

0 01 

10 

1 

0 01 

20 

2 

0 01 

50 

5 

0 01 

100 

10 


Having stated these precautions and with these prelimmaij remarks, 
we can now take up the question of therapeutic doses of tuberculin uliich 
can be given on the minimal cutaneous reaction basis From tlie table 
of quantities of tuberculin contained in the various dilutions of tuberculin 
(Table 1) it will be seen that the most important point in determining 
the dose to be given for tlierapeusis, is the use of 0 01 c c of tuberculin 
in the skin test, which gives a definite quantity of tuberculin on uhicli 
to base a partition dose in the matter of treatment As outlined m our 
former papei. ue suggested that there was a definite relation between t le 
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quantity of tuberculin which produced a certain amount of reaction on 
the skin and the amount of tuberculin which, given under the skin, could 
produce varymg grades of reaction from a slight local to a maximum 
constitutional and focal leaction in the individual 

In the former paper we made the statement that ^^one-fifteenth of the 
amount of 0 T , which, when applied to the skin by our method, pro- 
duced the mmimal cutaneous reaction, would, when given subcutaneously, 
produce both local and constitutional reactions , that one-thirtieth of the 
same amount given subcutaneously would produce local without constitu- 
tional reaction Later work has shown that one-fiftieth of the minimal 
cutaneous reaction dose will produce neither local noi constitutional 
reactions when given subcutaneusly ” These figures, we must now state, 
were not correct, hut this was maml}' due to the fallacy of our method m 
applying the skin test, which we have since corrected, as outlined in the 
first part of this paper 

The past year’s work has determined, however, that the quantity of 
tuberculin contained in 0 01 c c of that definite solution of tuberculin 
which will produce exactly the minimal cutaneous reaction, which we have 
arbitrarily called 4 to 6 mm redness and swelling at the site of applica- 
tion of the test, will produce, when given underneath the skin, an area of 
redness, tenderness and swelling measuring fiom 2 to 5 cms From obser- 
vation on a very few eases it would seem that, if this dose is inci eased ten 
times, it will produce the symptoms of constitutional reaction, and if it 
be reduced in amount to one-tenth, it will be below the amount which 
will produce even a local reaction at the site of inoculation We have, 
however, not yet been able to verify these last two figuies in a sufBcient 
number of cases 

In determining the dose on the skin test, and to show how sensitive 
IS its individual biological basis, and how important are the measurements 
in millimeters which we have outlined, we would cite an individual case 
representative of a large class 

Ml A leacted to a 5 pei cent solution of 0 T gning an aiea of redness of 
13 by 9 mm in forty-eight hours Foui days later 3 pei cent uas given, causing 
a 1 eaction of 9 by 8 mm in forty eight houi s Five daj s later 2 per cent ivas 
given, the resulting i eaction being 8 by 7 mm in forty-eight hours Four days 
later 1 pei cent was given, the i eaction being 7 by 5 mm in foi ty eight hours 
Four days later 0 25 per cent was given In tv enty-four hours there was slight 
ledness of 2 mm at the point of inoculation but this had faded in forty-eight and 
seventy two horns Four days later 0 5 pei cent was given, the lesulting reac- 
tion being 4 mm in forty-eight hours 

It Will be seen, therefoie that in order to make this arbitrary law 
applicable, it is absolutely necessary to obtam that quantit}" of tubercuhn 
which will produce exactly a minimal cutaneous reaction of 4 to G milli- 
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meteis, m order to say that the same quantity introduced under the skin 
will produce redness of 2 to 5 centimeters 

Much of our original discrepancy came from gaessmg at the quantity 
of tuberculin to be given therapeutically on the basis of a result from two 
solutions 

An example would be as follows A ease would be given 5 pel cent 
as the initial skin test^ the reaction being about 1 cm Five days later 
0 6 per cent would be given, with no reaction Formeily we would have 
guessed the basis to be 3 per cent , whereas, there would likely have been 
a reaction of 4 oi 5 mm to a 1 per cent solution 

In determining the minimal cutaneous reaction it is necessary to 
watch the reaction at the end of twentj^-four, foity-eight and sevtuty-two 
hours Oftentimes at the end of twenty-four hours there is an outer 
ling of faint pinlcness around the red reaction This pink often fades at 
the end of forty-eight hours, and it must not be taken mto account in the 
measurement of the minimal reaction (central redness) Occasionally 
the reaction, as has been observed by many other writers, is delayed at 
least foit 3 ’’-eight hours, and it may be as late as seventy- two, or even later 
The redness aiound the control scarification disappears before forty-eight 
houis while the ledness of reaction persists, often for weeks Our inetliod 
of legistering the minimal cutaneous reaction can be seen by Table 2 

TABLE 2— SrCIN TESIS 
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Haling deteimined the dose of tubeiculm uhich vill produce under- 
neath the skin an aiea of redness and swelling measuring 2 io j cm 
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Fig 1 — SlioAving tlie leaction aftei application of 25 pei cent old tuboiculin 
at the distal point and 6 25 pei cent at the pioxmal point The leaction around 
the application of G 25 pei cent solution is gieatei than that aiouiid that of 
25 per cent Note the reddened lymphatic 



Pig 2 — Showing definite quantitative i esponse to solutions of varying 
strength The sti ength of the distal solution is one half that of the proximal 
solution, and the i esponse appi oxiniately one half 





Fig 3 — Similai to Figuie 2 It also shows shifting of tlie distal point of 
ipplication to the iilnai side to avoid the same hinphatic diainage as that of 
the pio\imaI solution 
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Pag 5 iShoAiing leaction of the application of 1 pei cent old tuberculin to 
points mIiicIi pievioiislv leacted to 6 25 pei cent and 25 pei cent old tiibeicuhn 
These tests ^eie applied to the same spots as shown in Figine I 



Pig c — Reaction to seium of patient whose seiimi augmented tuherciihn 
leaction Xotice also lymphatic redness 
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wliieli IS, as stated above, the quantity of tuberculin which is contained 
m 0 01 c c of the solution of tubeiculin which produces a minimal cuta- 
neous reaction measuiing 4 to 6 mm , we must next appioach the question 
of what IS the desiiable therapeutic dose, and the method of procedure 
foi future dosage 

The first question that ma} fairly be asked is, whether or not we have 
proof that tuberculin is a valuable therapeutic agent This can undoubt- 
edly be answered in the affirmative, as everyone who has used tuberculin 
must have concluded, from its action on bone and gland sinuses, localized 
tuberculous lesions m glands and vaiious organs (especially would we 
call attention to ceitain corneal ulceis), and from its application in 
lupus These give, without question, a positive answer to the value of 
tubeiculin in treatment 

The next point to be determined is what dose of tuberculin is the 
valuable dose There has been a marked variance of opinion between the 
German and English mvestigatois in tins nrattei The German investi- 
gators have recently been tending towards the administration of doses 
large enough to produce constitutional reaction The English observers 
have tended towards exceedingly small doses, guided in their theiapy by 
the opsonic index method as indicated by Wright In this country the 
English method of small doses has mainly been followed in an outline 
laid down by Trudeau and Brown of Saranac Lake It must have struck 
most observers who formerly gave tuberculin subcutaneously that patients 
seemed to improve very markedly in general feeling and in diminution of 
sputum and often of fever after a constrtutional reaction such as was 
obtained in the former method of diagnostic administration of tuber- 
culin 

Too much importance cannot be lard on Dr Trudeau's experiments'' 
in the tuberculous eyes of rabbits, which weie given tuberculin in suffi- 
cient doses to produce focal reaction, and which local eye lesions made 
marked impiovement following the reaction Saathofi® has recently 
called attention to this fact in a paper from Muller’s clinic, in which 
he was able to watch a corneal lesion improve steadily after the repeated 
focal reactions produced by the tubeiculin administration Dr Trudeau' 
remarks in a paper published a yeai ago that “improvement in the lesion 
may depend on the influence of these mild reactions, but in considering 
the advisability of utilizing mild, general and focal reactions as a feature 

5 Tiudeaii, E L Ti Assn Am Physicians, Mav 24, 1892 

G Saatlioff Munchen med Wchnsclii , 1909, hi, 2041 

7 Trudeau, E L Antibacterial oi Antitoxic Inlnlunlt^ in Tubeiculin 
Tieatmeiit, Jour Am ]Med Assn, 1909, lii, G1 
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of treatment we mnst not forget that we have no means of controlling 
danger ^ reactions and that violent leactions are not without 

We have been struck with the apparent uselessness of giving small 
doses of tuberculin in pulmonary and gland tuberculosis, which types of 
cases mainly have been under our supervision For two years we followed 
the method of administration of tuberculin by small doses repeated 
fiequently, and we have at the present time under oui care patient? who 
have been receiving tuberculin in this hospital for a period of three years 
or more During the first two years of their stay in tlie hospital they 
received tuberculm by small, frequently repeated doses, and apparently 
made no marked improvement other than would be looked for from 
conditions During the past jmar, howevei, when they have been 
treated with doses uliieh produce mild leaetions below the fever line, they 
have made great and noticeable strides, while in the months pievious they 
had been practically at a standstill It maj' be objected to this, of course, 
that tuberculosis takes a wave-Iike course, but we feel that this is not a 
valid objection, when the condition has steadily improved with an 
increased feeling of well-being and diminution of sputum aftei each local 
reaction pioduced by the tuberculin dose In some of these eases the 
sputum has diminished to one-half or one-thiid of the former quantity 
It may be best here, without further discussion, to say that we believe, 
first, in doses that will produce mild reactions below the fever line m all 
eases of tuberculosis that admit of tuberculin as a therapeutic agent, sec- 
ond, that the thing to be obtained is the leaction of the ceils and not the 
tolerance to the tuberculm poison We have come to look arbitrarily on 
the reaction of greatest good as one which will produce underneath the 
skin an area of redness, tenderness and swelling of appioximately 2 to 5 
cm in diameter at the site of injection We have not seen a single ease to 
shake our faith in this basis of dosage in the admmistration of over one 
thousand injections of tuberculin for therapy, based diieetly on the mini- 
mal cutaneous leaction 

The next pomt of importance is the spacing of the dosage We have 
found that tolerance to tuberculin can leadily be established if the doses 
are given in the Saranac method three or foui days apart and in increas- 
ing doses On the other hand, we liaie found that, as a lule, when once 
the dose which will produce tlie above degree of redness at the site of 
injection based on the minimal cutaneous leaction has been determined, 
that patients retain, as a rule the same degree of reaction for peiioJs 
reachihg as high as nine months The cases summarized m Tables 3 and i 
illustrate this point * 
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TABLE 3— SHOWING UNIFORMITY OP LOCAL REACTION FROM SAME DOSE 

OP TUBERCULIN * 


Date 

Tubeiculm, 
0 T 

In 

Local 
Red- 
ness, cm 

24 IIoi 

Local 

Tendei- 

ness 

us 

Local 

Swelling 

— I 
Local 
Red- 
ness 
cm 

n 48 H 

Local 

Tender 

ness 

OUlS 

- Local 
Swelling 

Constitu- 

tional 

Symptoms 

8/15/09 

0002 

2t 

T 

T 

3t 

T 

T 

— 

8/25/09 

0002 

2t 

} 


54- 

4- 

T 

— 

9/ 4/09 

0002 

3t 

T 

JL 

t 

4t 

t 

T 

— 

9/14/09 

0002 

3^ 

T 

T 

31 

t 

T 

— 

9/24/09 

0002 

2t 

! 

T 

4t 

t 

I 

— 

10/ 4/09 

0002 

2t 

T 

T 

3+ 

t 

T 

— 

10/14/09 

0002 

•>+ 

T 

T 

4t 

t 

T 

— 

10/24/09 

0002 

2t 

1 

T 

2 5, 

t 

T 

— 


* Sigmflcanco of chancteis same as in Table 1 


TABLE 4 — SHOWING UNIFORMITY OP LOCAL REACTION PROM SAME DOSE 
OP TUBERCULIN DURING EIGHT MONTHS * 



Tubeiculin, 

In 

Local 

24 Ho 
Local 

UlS 

In 

Local 

48 Ho 
Local 

ins 

Constitu- 

Date 

Red- 

Tendoi- 

Local 

Redness 

Tcndei 

Local 

tional 

0 T 

ness, cm 

ness 

Sw elling 

cm 

ness 

Swelling 

Symptoms 

8/ 3/09 

0001 

2 5+ 

T 

J. 

2 54 . 

’r 

T 

— 

8/25/09 

0001 

2 5t 

• 

T 

2 6, 

- 

T 

— 

9/27/09 

00015 

4 4- 

4- 

1 

4 4- 

4- 


— 

10/28/09 

0001 

2 51 


T 

2 5^ 

!• 

•i 

— 

11/ 8/09 

0001 

> 1 

T 

T 

3 4 . 

t 


— 

11 '18/09 

0001 

2 t 

T 

1 

5 t 

T 

T 

— 

11/29/09 

0001 

3 + 

t 

1 

3 T 

T 


— 

1/29/10 

0001 

3 t 

+ 

4- 

G -i- 

T 

+ 

— 

2/12/10 

0001 

5 i 

4- 

4- 

3 3. 

+ 

T 

— 

2/28/10 

0001 

3 . 

4- 

t 

3 t 

+ 

A 

— 

3/14/10 

0001 

3 T 

i 

A 

4 ? 

T 

t 

— 

4/ 4/10 0001 3\21: T 

♦Significance of all cbaracteis same 

■ 5x44- 

as in Table 3 

T 

t. 

t 

IT 



Consequent!} , having deteimined to our own satisfaction that patients 
do better when they letain then reaction to tuberculin, we feel that it is 
infinitely better to continue the same dose with an interval of fourteen days 
between doses A iiord of caution must he added here, namely, that a 
skin test, with the readiness with which tuberculin is absorbed, is equiva- 
lent to a therapeutic dose of tubeiculin and, if the first dose of tubeieuhn 
for therapy be given within a few days after the exhibition of a skin test, 
the resulting local reaction at the pomt of injection is apt to be greater 
than if the injection of the therapeutic dose is delayed fourteen days 
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The choice of the site of injection of the theiapeiitic dose of tuberculin 
IS not appaiently a matter of great importance, as we have determined 
without failure up to the present time that the same dose of tiibeiculin 
given in eithei aim, leg or trunk produces approximately the same demee 
of redness and tenderness ^ 

A word or two here in reference to the technic of administei mg tuber- 
culin might not be amiss We have already mentioned that, whether the 
tuberculin be given in the legs, aims or trunk, one always gets approxi- 
mately the same amount of redness and tenderness with the same dosage 
As a rule, however, in tuberculin treatment, we begin by using the arms, 
each arm being used alternately The tuberculin is administered in the 
arm between the shoulder and elbow on its posterior aspect that is, over 
the triceps muscle It should be given just undei the skin and not 
injected deeply The skin is cleansed with alcohol, and is then pinched 
up ready for the plunge of the needle, which is mseited with the bevel- 
edged opening pointing outward towards the skin surface In older to 
give the tuberculin subcutaneously, the needle is entered tlirough the skin 
at a very acute angle, and it is advisable to msert it up to the hilt, so that 
when it IS withdrawn no tubeieulin will exude through the opening The 
reason for keeping the beveled edge of the needle outward is that the 
tuberculin when leaving the needle may enter the cutaneous tissue, and 
not the deeper ti&sues, for, if the tuberculin be injected deeply into tlit 
tissues, the resulting local reaction may be much less than vhen the tubei- 
cnlin IS given just under the skin, and to a ceitain extent one judges tlie 
dosage of the tuberculin by the amount of local reaction Alter using 
the arms foi a few injections, one may give the tuberculin in the thighs, 
back, chest or abdominal wall 

It may now be asked what advantage there is in determining a dose of 
tubeieulin on the basis of a minimal cutaneous reaction, if one does not 
desire to obtain the reaction produced by tubeieulin of the degree indi- 
cated in this papei The method suggested heie is not diiectly applicable 
save by those who believe in local reaction At the same time it will 
allow the determination of a perfectly safe dose, varying at least 100 pei 
cent in quantitj’’ According to our studies we have detei mined that in 
tubeieulin dosage theie is in individuals a vaiiatioa of the piimaij^ do>-e 
fiom at least 0 000005 to 0 0005 mg of tuberculin, to produce tlie same 
amount of reaction, that is, this metliod is capable of giving at once an 
initial dose of tubeieulin vaiying from 0 000005 to 0 0005 mg of 0 T 
a dose vaijung one hundred times m amount from the smallest to the 
largest This forms then a basis foi dosage lastlj m adiance of tlic 
foimer method when all patients were gnen doses of tiiberciilm o 
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minimal amount in giadually increasing quantities until the point of 
leaction was reached In this way it is possible to determine a dose foi 
each case which will produce exactly the same degree of local reaction 
in all individuals 

Tvbld 5 — Showing Eelvtion Between Minihal Cutaneols Reaction and 

TiiERvrEETic Dose or Tuberculin 


Minimal Cutaneous 

llieiapeutic Dose 

Reaction % 0 T 
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10 

001 


Instead of taking, as in foiinei instances, thiee, four oi five months 
to reach a dose such as is indicated here it is possible to reach it within 
thiee weeks’ time,, so that, if there were no gain in the reaction, at least 
theie IS a great gam in airiving quickly at the individual dose which the 
patient can tolerate We feel that the greatest gain, however, comes in 
determining the quantity of tuberculin which will give a mild reaction 
in every individual, and it is only when we get a dose of tuberculin which 
vill produce these mild reactions that we can hope for beneficial lesults 
of a curative nature 

We feel that we have offered for the first time in therapy a specific, 
individual, biological test for therapeutic doses which is, of course, the 
goal to be aimed at in all therapeutic measures In other words, instead 
of giving a dose of a drug which is kno^vn to produce a certain physiolog 
ical effect, in a small number of individuals, it is possible in this wav to 
give exactly the dose of the drug which is best suited to each individual, 
and this must, in future, be the basis of rational therapeutics 

We are unfamiliar at this time with the causative factors which varv 
the sensitiveness of the body cells to tuberculin, but we would here add 
a closing caution that, if sometimes during tuberculin therapy the sensi- 
tiveness of the body to the tuberculin changes, it is best to determine the 
niinimal cutaneous reaction before giving another therapeutic dose In 
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this way it will be possible to keep the body at about the same reaction to 
therapeutic doses of tuberculm 

We have found that, as a routine practice, it is well to repeat the skin 
test for minimal cutaneous reaction eveiy three months, but in pursuing 
this course, we have come to the conclusion that it is not the tubeiculin 
administered which changes the susceptibility to this poison, but some 
deepei and more subtle mfluence 

CONCLUSIONS 

1 It IS just as possible to obtain a constitutional leaction from tubei- 
culin placed on the skin as from tuberculin intioduced beneath the skin 
Tuberculin reactions, whether local, focal or constitutional, must be 
looked on as varymg grades of the same response of the body to a vaiy- 
ing quantity of tubeiculin used 

2 In the body in which tuberculosis has developed, the degree of 
reaction of the surface cells to the poison contained in the different 
tuberculins depends on (a) depth of scarification, (b) point of applica- 
tion, (c) distribution of Ij^phatics, (d) readiness of absorption, (e) 
exact amount of tuberculin used 

3 At tunes the serum of individual cases contams a substance ivhieh 
is capable of producing a cutaneous tubeiculin reaction in individuals who 
are ^ ery susceptible to tuberculin 

4 The interval of dosage vanes for the result desiied, less than seven 
days for toleiance, and fourteen or more for retention of the reaction 
power of the cells 

5 In the majoiit} of patients, if the inteiial of doses be two veeks 
or more the amount of local reaction fiom the same dose of tuberculin 

does not change in a period of many months 

6 It IS possible b) delei mining the minimal cutaneous reaction to 
0 01 cc of varying solutions of tubeiculin, to state the exact amount of 
tuberculin vliich vill pioduce a ceitam giade of leaction vlien intio- 
duced beneath the skin 

2851 Bedford Avenue 
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